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Eage  2. 


Easht  T.  M.  Hydraulic  drive  and  hy dr opnt u ao automat i on.  K , 
"Machine-building",  1972,  320  s. 


In  textbook  is  presented  the  wide  complex  cf  questions 
concerning  equi pm en t/de v ice,  the  calculation,  construction  an? 

production  cf  volumetric  hydropneu  mat  ic  drives  and  hydropr.  cuma  t 
systems,  and  also  concerning  the  applicaticn/use  of  these 
equip  irent/devices  for  mechanization  and  the  automation  of  produ 
processes. 


In  the  sections,  dedicated  to  the  ce 1 1/el e me nt s of  hydraul 
systems,  is  minutely  examined  the  equi  pure  rt/de  v ice  and  the 
calculation  of  actuating  mechanisms,  and  also  ty  varied  lis*rii 

that  controls,  protective  and  other  hydro-  and  the  pneumatic 
equipment  with  the  aid  of  which  are  provided  the  automatic  cci.  - 
these  actuating  mechanisms  and  the  assigned  law  of  their  motio; 
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minutely  examined  tie  choke  and  volumetric  automatic  veloc 

cf  these  mechanisms  and  the  provision  ter  their  assigned  i 
Are  examined  eq uipment/ de v i ces  tor  the  decontamination  of 
sealing/pressurization  of  connect i cn/cc n po unds . 


it  y cent 


n ter act  i 


1 i q u i d a 


ihe  properties  of  working  fluid  and  gases,  the  laws  of  aprlir- 
hydraulics  and  gas  hyd rody namics  are  presented  taking  into  accoui* 
the  specific  character  of  hydraulic  and  pressure-operated  device.  . 


The  properties  of  working  fluid  and  gases,  the  laws  of  apjli- 
hydraulics  and  gas  hyd  rod  ynamics  are  presented  taking  into  accour.* 
the  specific  character  of  hydraulic  and  pressure-operated  l'*vio  . 


From  the  cell/elements  of  automatic  ar.d  semiautomatic  con's  1 
(control)  are  comprised  typical  complex  h yd  ro  p ncuma  tic  system,  w -> 
given  the  principles  of  the  calculation  of  these  systems. 


Is  described  the  device  of  pneumatic  actuators,  and  al  ,o  ; :: 

and  pneumatic  boosters  the  slave/servc  tyje,  wid-ly  utilized  i:  * 

systems  of  azimuth  guidance  of  cargo  vehicles,  in  the  copyir j j ; 
PTD-ID(RS)T-0109-77 
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tools  and  the  other  machines,  which  require  the  provision  for  t 
assigned  law  of  the  motion  cf  exit  (performing)  component/] ink . 
2,  Illustration  260,  the  ccpy  of  lit-  24  titles. 


Fage  3. 


Introduction. 


The  present  course  precede  courses  "hydraulics",  "gas 
hydrodynamics"  and  "displacment  pumps  and  hydraulic  engines".  A 
it  follow  the  courses  the  "theory  cf  automatic  control  and  ]yna 
cf  hydrcpneumatic  systems",  and  also  "technology  of  the  prcduc* 
hydraulic  drive".  Taking  into  account  this  sequence  of  research 
the  erumerated  disciplines,  is  constructed  the  set  forth  it.  re- 
present textbook  material  of  course.  In  accordance  with  this,  a 
guesticns,  which  relate  to  thematics  of  the  named  courses 
(common/general/total  questions  hydro-  and  gas  dynamics,  t i i v 
cf  hydroaggregates  and  hydraulic  systems,  constructions  of  tu„.i 
hydraulic  engines,  production  cf  h ydrea  ggrega  tes,  etc.),  ax'1  >x 
in  the  present  course  only  in  that  volume,  in  which  this  neooss 
for  the  understanding  of  the  set  forth  material  of  course. 


r — — 1 
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Terms  and  com mon/general/tota  1 determinations.  By  volumetric 
hydropneumatic  drives  it  is  understood  in  the  general  case  of  *•  r < 
hydropneumatic  system,  intended  for  brirgirg  into  the  motior  of 
mechanisms  and  machines,  which  is  volumetric  hydropneumatic  eng  i: • . 

Common  also  the  definition,  according  to  which  Ly  vol  uu<-*  r i< 
hydraulic  drive  is  understood  the  hydraulic  system  (system  of 
hydraulic  machines  and  h y drcaggregates)  , employed  for  a t r a nsu  i r i c : 
ty  means  of  the  liquid  of  energy  to  distance  and  its  conversion 
mechanical  output  energy  of  system  (into  the  kinetic  energy  of 
hydralic  engine)  and  simultaneously  fulfilling  the  functions  o: 
control  and  reversing  the  speed  of  exit  com ponent/ 1 ink . 

The  volumetric  hydraulic  drive,  which  consists  of  the  : vv 
structurally  designed  in  one  cciruon/gerera  1/tctal  block,  l.  call.  ! j 

volumetric  hydraulic  transmissions  (by  hydraulic  transmission). 

Concept  "hydraulic  drive"  usually  is  identified  with  concep* 

"hydraulic  system"  hearth  by  which  is  understood  the  totality  : *: 
devices,  which  transmit  energy  by  using  a liquid  on  by  pressur--. 
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Hydraulic  system  can  have  both  one  and  several  hydraulic  m ,11  > 

and  pumps. 

Ar.y  hydraulic  drive  consists  of  the  source  of  *-he  fluid  flow 
rate,  as  which  in  the  majority  of  cases  serves  the  pump,  t h<- 
hydraulic  engine  of  reciprocating  or  rotary  motion,  units  ol  ccnTd, 
liquid  main  lines  (hydraulic  lines  or  drairage  systems)  and  of  c«d  • : 
hydraulic  equipment. 

By  hydrobond  is  understood  the  totality  of  the  connected  u j* 
each  ether  devices,  having  direct  contact  with  working  fluid  a r.  i 
intended  for  the  execution  of  the  determined  function  in  voi'n  ■ trie 
hydraulic  drive. 


Hydroapparatus  are  called  the  devices,  intended  for  a chi:...  i: 
the  flew  parameter  of  working  fluid  ct  for  their  maintaining  a"  Un- 
determined fixed  level.  Under  flow  parameters  in  this  case, 
understand  the  pressure,  the  expenditure/ccnsuirption  and  d irec:  *•  n r. 
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action. 


Fage  4. 


By  hydraulic  lines  or  by  drainage  system  is  implied  thf  device, 
intended  for  the  passage  cf  working  fluid  i r.  the  process  oi  ti.  work, 
cf  volumetric  hydraulic  drive. 


Ihey  distinguish; 


pressure  hydraulic  line  - piart  of  the  tasic  hydraulic  lit.-  ov»  i 

which  the  working  fluid  moves  from  distributor  to  hydraulic  e;. 
and  vice  versa; 

performing  hydraulic  line  * part  cf  the  basic  hydraulic  1 ln<- 
over  which  working  fluid  it  moves  from  distributor  to  hydraulic 
engine  and  vice  versa; 
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drainage  gidroliniyu  - part  ot  the  basic  hydraulic  line-  over 
which  working  fluid  it  moves  tank  from  distributor  or  directly  fici 
hydraulic  engine. 

Pump  is  called  the  machine,  which  converts  the  mechanical 
energy,  applied  to  its  shaft,  into  the  energy  cf  liquid,  ar.d 
hydraulic  engine  she  is  called  the  machine,  which  converts  t! energy 
cf  liquid  into  mechanical  energy  on  its  shaft. 


volumetric  hydraulic  engine  with  the  rctary  motion  of 
driven/kncwn  componen  t/ 1 i nk  to  angle  of  <360°  is  called  a hydrur  . - , 
cr  a moment  hydraulic  cylinder  or  hy dr cgu ad r an t . Volumetric  hyuraulic 
drive  with  hydrorotor  is  called  hydraulic  drive  of  rotary  mot  lev. 


Is  applied  also  collecting  term  the  volumetric  hydraulic  ate:  :: 
hearth  by  which  is  understood  the  totality  cf  pump  and  hydraulic 
engine.  Volumetric  hydraulic  machine,  this  device,  intended  for 
conversion  of  the  mechanical  energy  of  the  inlet  into  the  cn>i  ; ;■  of 
cutput/yield  in  the  process  of  the  filling  cf  working  chamber..  *1“;. 
working  fluid  and  its  displacement  from  these  chambers,  wherou  ; ■.  > 

working  chamber  is  understood  the  limited  space  ot  voLume+ric 
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hydraulic  machine,  which  periodically  changes  its  volume  a r.  i whirr,  i., 
alternately  communicated  with  the  receiving  or  giving  up  ca vi*- y of 
hydraulic  machine. 


Volumetric  hydraulic  engine  with  the  rctary  motion  of 
driven/known  (exit)  com ponent/link  is  called  hydraulic  motor,  and 
hydraulic  engine  with  straight  r ec  i proca  ti  r y irction  - hydraulic 
cylinder. 


1 


In  accordance  with  this,  volumetric  hyuraulic  drive  ir  wi.  ic 
driven/kncwn  component/ li  rk  accomplishes  rctary  motion,  is  callr- 
hydraulic  drive  of  rotary  motion,  and  hydraulic  drive  ir.  whicn  - 
component/link  accomplishes  rectilinear  motion,  by  hydraulic  i : : 
rectilinear  motion. 


x i * 


Vi 


Depending  on  whether  dees  come  the  working  medium  from 
volumetric  hydraulic  engine  into  tank  cr  in  the  suction  line  or 
are  distinguished  hydraulic  drive  with  epen  circulation  (work!:.., 
medium  enters  tank)  and  enclosed  circulaticr  (werking  medium  -■?. tor 
into  the  suction  line  of  pump)  , 
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Advantages  and  the  fields  of  application  cf  hydraulic  dri v . 1. 
practice  of  the  application/use  of  hydraulic  drive  in  industry, 
in  particular  in  machine-building,  demonstrated  their  proyr--s.  iv< 
role  in  development  of  technology.  Because  ct  Ly  such  the  irnoi*  :.* 
for  the  major  it  y of  the  cases  of  applicaticn/use  advantages  o: 
hydraulic  drive  as  a small  mass  and  volume,  per  unit  the  unit  of 
transmitted  power,  high  efficiency,  the  reliability  of  action,  a:.! 
also  the  simplicity  of  the  automation  cf  control  the  hydraulic  •:  :v 
had  extensive  application  in  the  different  tranches  of 
machine-building. 

In  addition  to  the  indicated  advantages  the  hydraulic  engir 
rotary  action  (hydraulic  motors)  differ  in  terns  of  the  largo  rc,-i’ 
of  the  torsional  moment  on  output  shaft  tc  the  moment  of  ii.-t*  i a or 
rotor,  which  determines  the  dynamic  properties  cf  engine. 

Because  of  the  indicated  favorable  ratio  cf  the  torque  cf 
hydraulic  motor  to  the  moment  of  inertia  cf  its  moving  elements,  .• 
be  obtained  the  negligibly  short  time:  its  rovers^  (O.gj-O.jS  s ) , *. 

achievements  of  the  maximum  frequencies  of  the  rotation/re volu * j on 
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(the  h i y h speed  operation  cf  the  drive)  and  of  delay  during  trial 
adjustment  by  the  hydraulic  motor  of  control  signals. 


Eage  5-  ln3  in  view  of  t lis  hydraulic  drive  proviles  trie  i:;i. 

frequency  of  reversings  (for  rotary  type  hydraulic  motor  it  car. 

led  to  500  and  more  reversings  per  minute).  The  number  of  r-- v ■ i s i 
of  hydraulic  drive  cf  the  rectilinear  iretien  with  relatively  snail  :,v 
mass  and  course  reaches  1000  per  minute. 


In  terms  of  high  speed  operation  differ  also  pumps.  Thus,  * i 
instance,  time  during  which  the  feed  of  sons  pumps,  in  particul  u 
aviation,  can  be  changed  from  the  zero  to  the  maximum  values, 
not  exceed  0.04  s,  but  time  of  a reduction  in  the  feed  from  th - 
maximum  value  to  the  zero  - 0.02  s. 


The  advantage  of  hydraulic  systems  is  also  the  possibility 
the  irfinitely  variable  control  of  the  exit  velocity  ov»-r  a wii- 
range.  The  gear  ratio  of  hydraulic  drive  of  the  rotary  act  j >p 
by  which  is  understood  the  ratio  of  the  minimum  frequency  c 1 v 
rotat  ion/revolution  of  the  shaft  of  hydraulic  motor  to  maxirun, 
comprises  in  many  instances  of  1000.  The  lower  frequency  limit  'r  * i 
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rotation/revolution  of  the  majority  of  the  existing  hydraulic 
is  led  to  5-10  r/m in . 


At  the  same  time  hydraulic  drive  are  simple  in  production 
operation  and  differ  in  terms  of  relialility  - the  service  lit 
many  types  of  pumps  and  hydraulic  motors  is  led  to  20  000  h an 
above . 


Operating  principle  of  volumetric  hydraulic  drive.  Specif 
energy  of  an  ideal  liquid  is  determined  by  equaticr. 


E p . u* 

e = -=*£  + £ + jr. 


where  E - total  energy  of  liquid  by  density  ir ; m is  the  ma  sr  o 

liquid,  which  flows  at  a rate  of  u ; zg  - the  specific  energy  o 
position;  g - free-fall  acceleration;  p/p  - the  specific  tr.a  : 

pressure;  u2/2  - the  specific  kinetic  energy  cf  liquid- 
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An  energy  transfer  by  liguirl  can  be  realized,  by  changing  wit1 
any  of  the  terms  of  the  written  above  equation-  In  connection  wit.1, 
volumetric  hydraulic  drive  in  question  from  the  indicated  thr>  > f ci  . . 
of  the  mechanical  energy  of  liquid  the  basic  fcrm  is  pressure  i ;y, 

which  easily  can  be  converted  into  mechanical  wcrk  witn  the  ai  i f 
hydraulic  engines. 

For  auxiliary,  mainly  command,  circuits  is  utilized  also  kin  tic 
energ  y. 


The  kinetic  energy  of  liquid  is  utilized  in  the  hydro  lynini  : 
transmissions  which  are  examined  in  analogcus/similar  ’•raining 
course.  The  energy  of  position  in  volumetric  hydraulic  dri v«  usual]/ 
they  disregard,  since  altitude  differences  z between  the  S'-oara*. 
cell/elements  of  hydraulic  system  are  snail  and  the  energy  of 
position  is  incommensurable  small  in  comparison  with  the-  actinu  in  it 
pressure  energy  of  liquid.  This  energy  cf  position  is  consider.-  only 
during  calculations  and  studies  of  the  suction  pump  performanc-. 


The  operating  principle  of  volumetric  hydraulic  drive  is  bar* 


cn  the  high  bulk  rigidity  modulus  (negligible  compressibility) 
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liquid  and  on  noted  French  scholarly  B.  Pascal's  law  which  say: 
any  chanye  of  th«  pressure  in  any  point  of  the  quiescent  true 
which  does  not  disrupt  its  eq ui  1 ib r iu® , is  transferred  to  o*  ie-r 
feints  without  change. 


From  the  given  in  Fig.  1A  diagram,  which  illustrates  this 

it  follows  that  if  to  that  which  hermetically  seal  the  fill*  1 t 
liquid  enclosed  cylindrical  container  tc  pistcr  with  an  area  >t 

add  tcrce  of  P,  then  this  force  will  he  balanced  (friction  of  ; 
we  disregard)  by  the  fcrce  cf  pressure  cf  liquid  p on  this  fist 
which  will  act  at  any  point  of  liquid,  including  the  surface  o 
container  (hydrostatic  pressure,  caused  by  gravity  strength  or 
liquid,  disregard). 


, t..a» 

l 1 : Uld  , 

' 

la  v , 
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1 We 
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Fosition  will  be  preserved,  if  as  container  wo  take  * wo 
connected  with  cond  uit/ nan  i f ol  ds  hermetically  sealed  by  pistons  a, 
and  a2  (Fig.  1b)  cylinder  1 and  2,  the  first  cl  which  is  that-  »...c! 

drive  (by  pump)  and  the  second  - by  driven/kncwr  (by  hylnulic 
engine)  component/link.  In  moving  with  the  aid  cf  the  crank  of  ' 
Fistons  at  cylinder  1 to  starboard  the  liquid  is  displaced  into 
cylinder  2,  moving  its  piston  a2  upward,  whereupon  pressure 


developed  in  cylinder  1 with  force  P,,  applied  to  piston  a,,  it  ic- 
also  to  piston  a2  cylinder  2 (losses  of  pressure  rn  cond  ui  t/:na  n i : o 1 
we  disregard,  i.e. , we  consider  that  p2  = pt). 


Assuming  that  cylinders  1 and  2 are  hermetically  sealed,  hu* 
incompressible  fluid,  the  displacement/movenent  of  pistons  a,  and 
let  us  describe  by  the  equation  of  the  equality  or  the  displaced  j-y 
them  volumes  (by  equation  of  flow  continuity) 
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where  h,,  h2,  f,  and  f2  - respectively  d isp  lace  irent/move»e  nt  .s 
pistor  clearance  a,  and  a2. 

On  the  basis  ot  the  last/latter  equality 


where  d,  and  D2  are  diameters  cf  pistons  a,  and  a2. 

ab  Disregarding  hydraulic  fricticn  (assuming  that  pressure  ;t  t? 
p)  and  friction  of  pistons  aj  and  a2  during  their  motion,  it 
possible  to  write  expressions  for  forces  Ft  and  P2,  which  act.  cr 
pistcrs  a , and  a2: 


/>,  = p/i  and  P4  = pft. 


In  accordance  i«ith  this 


where  p - the  pressure  of  liquid  in  cylinders;  Fi  and  P2  act  ioio 
cf  pressure  of  liquid  respectively  on  pistons  a,  and  a2. 

From  this  equality  it  follows  that  force  F2  is  greater  than 
force  F'i  in  f2/fj  once. 


coc 


77010109 


PAGE 


X° 


Equilibrium  of  forces,  which  act  in  the  examined  diagram,  can  ; 
compared  with  the  equilibrium  cf  the  ycke/arm,  loaded  by  load  . wit; 
weight  of  G,  and  G2,  applied  on  its  ends  (Fig.  2a). 

It  is  not  difficult  tc  see  that  the  reaches  L,  and  1.2  vob./,-i  ■ 
and  the  value  of  loads  with  a weight  cf  G x and  G2  are  conit'-ct*  !y 
relationship 

G,  Lx 


Respectively  for  the  compared  hydraulic  circuit  (Fig.  2b),  ware 
is  of  the  connected  with  co  rdu  i t/m  an  if  ol  ds  two  cylinders  win  a:  ai 
of  F i and  F2  whose  porshin  are  loaded  ty  leads  with  a weight  or  M 
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the  product  of  force  plf  which  acts  on  piston  ax  (see  Fiq.  1i  ) , 
to  the  velocity  of  its  motion 
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After  substituting  into  previous  expression  P,  = f,p,  we  * 
obtain 


N = pfx  Of 


Taking  into  account  that  product  ftvt  expresses  the  volu.n. 
described  by  piston  per  unit  time,  or  the  calculated  feed  ; of 
ty  piston,  we  will  obtain 


N = pQ. 


(1) 
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In  such  a case,  when  pressure  is  expressed  in  kgf/cra?  fee  i 
cm3/s,  power  will  be  expressed  in  kyf»cir./s. 


For  obtaining  power  in  h.  p.  , they  use  expression 


»-&  h-p- 


where  Q they  use  the  fluid  flow  rate  in  cm3/s;  p is  pressure  of 
liquid  in  kgf/cm2. 


Design  concept  differs  frcm  the  simplified  schematic  diagr 
examined  above  (see  Fig.  It)  in  terms  of  the  fact  that  it  inclu 
continuous  pump,  and  also  a series  of  the  supplementary  appan  f 
which  make  it  possible  tc  ccntrcl  fluid  flew,  which  enters  from 
the  hydraulic  engine,  and  tc  protect  system  frem  overloads. 


fl 
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In  accordance  kith  this,  distinguish  ir  any  hydraulic  i i i v ^ 
three  groups  of  the  cel 1/e le me nt s:  pumps  (sources  of  hydraulic 

power),  hydraulic  engines  (receivers  of  hydraulic  power  or  actuiti: 
mechanisms),  the  distributive  and  contrcllirg  h yd toappa rat  us. 

Figure  3a  depicts  the  diagram  of  the  simplest  volume* lie 
hydraulic  drive  for  straight  reciprocating  moticn.  Drive  con  si  si; 
those  connected  with  the  conduit/manif c Ids  cf  pump  1 with  reservoir 
(tank)  5 and  hydraulic  engine  (actuating  cylinder)  2,  safety  v a 1 v- 
which  restricts  a pressure  increase  of  liguid  higher  than  rati;,: 
value,  and  the  distributor  (tap/crane)  3 with  the  aid  of  whic. 
changes  the  direction  of  fluid  flow  frcm  pump  tc  the  workir.  l nvrt  . 
of  hydraulic  engine,  i.e.,  it  is  realized  a charge  in  the  dir-cfio: 
cf  its  motion.  In  the  position  of  distributer  (tap/crane)  (, 
presented  in  Fig.  3a,  the  liquid  fren  pump  1 enters  the  left  vary 
cf  cylinder  2,  moving  its  piston  tc  starboard- 

Liquid,  displaced  in  this  case  by  pisten  from  the  right 
( reno  pe  rati  ve)  cavity  of  cylinder  2,  is  driven  cut  alon  j d iscr.  a.  r j- 
leads  and  the  channels  of  distributer  3 into  reservoir  5.  During  t) 
rotation  of  distributor  3 through  angle  of  SO0,  liquid  from  puut  1 
enters  the  right  cavity  of  cylinder  2 and  is  a t st  ract/r  earn  v-  i 
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tank  5 of  its  left  cavity;  piston  in  this  case  is  moved  to  1 < : * . j . 

Curing  a pressure  increase  of  liquid  ever  rating  value,  will  ft 
discovered  safety  valve  4 and  liquid  under  pressure  it  will  1- 
recasted  through  it  intc  tank-  Figure  3b  ard  c depicts  the  i-ic 

diagrams  of  hydraulic  transmission  with  hydraulic  engine  (Lvir  iuln 
motor)  of  2 rotary  motions. 

The  reverse  of  hydraulic  engine  in  diagram  in  Fig.  3b  is 
realized  with  the  aid  of  distributor  3,  and  in  diagram  in  Fig.  3c  - 
by  change  by  the  pump  of  1 direction  of  fluid  flow.  System  in  " 
latter  case  must  be  equipped  by  check  (locking)  valves  7,  which 
detach  during  changes  in  the  direction  of  fluid  flow  main  pressur- 
line  from  tank  5 and  simultaneously  provide  the  makeup  of  the  suc’-ici. 
cavity  of  pump  if  in  the  latter  is  formed  as  a result  of  t he 

hydraulic  slipes  or  other  reasons  vacuum.  Diagram  is  also  equipit  : . 
safety  valve  4 and  by  the  tank  of  5 supply  cf  working  flui  1. 

Fage  9. 

It  is  obvious  that  under  the  previously  accepted  condition 
the  complete  airtightness  cf  h y droa gg re ga t e s ard  practical 
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incompressibility  of  liquid  the  exit  cc  ir  pen  en  t/  1 1 u k of  engine  1 
moved  (or  rotates)  at  the  definite  velocity,  whicn  ensures  t he 
passage  through  its  working  chambers  of  the  liquid,  appliel  by  pun  , 
i.e,,  must  be  observed  the  condition  of  the  Q*  -=  Qd,  where  * he  QM 
and  Qa  are  theoretical  feeds  (volumes,  described  by  workritj 
cell/elements  per  unit  time)  of  pump  and  engine.  As  a resul”  uni-  i 
the  previously  accepted  condition,  we  will  obtain  the  rigid  ki:  i»i' 

constraint  between  the  pump  and  the  hydraulic  ergine. 

The  velocity  control  of  hydraulic  engine  (piston  stroke  >: 
actuating  cylinder  or  shaft  of  hydraulic  motor)  in  transmission  i.\ 
power  more  than  5-10  h.p.  usually  is  realized  by  a feed  con+r>l 
pump  1 by  changing  his  working  volume,  also,  i r.  the  transm  iss’  cr.  or 
less  powers  - by  means  of  throttle/choke  6,  with  the  aid  or  whn  ; 
created  the  friction  at  the  inlet  of  liquid  into  the  hydraulic, 
engine,  as  a result  of  which  part  of  the  liquid  is  recasted  ♦hr  u: 
safety  valve  4 into  tank  5.  During  the  complete  overlap  of 
conduit/manifold  by  throttle/choke  6 entire  liquid  is  recas‘->i 
through  valve  4 into  tank,  as  a result  the  velocity  of  hydrauli 

engine  2 will  be  equal  tc  zero. 

From  that  which  was  given  it  follows  that  the  throttle  cor.  + io' 


" 


■ 
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is  connected  with  power  loss  and  the  heating  ci  liguid,  since  the 

energy  of  the  volume  of  the  liquid  of  the  aaaaa,  jettisoned  pi  u: i ' 
time  in  valve  4 into  tank  under  pressure  is  converted  into  heat. 

The  lost  in  this  case  power 

N nom  = PicaQka « 

where  the  - the  pressure  to  which  is  adjusted  the  safety  va  1 v»- 

4. 

The  examined  in  Fig.  3 diagrams  they  are  related  to  the  r 
simplest,  in  which  the  ccntrcl  of  fluid  flew  is  reduced  only  *c  <. 
change  in  its  direction  of  flow  without  any  effect  on  the  law  c:  * 
pistor  stroke  of  hydraulic  engine.  In  the  case  when  this  effect 
linked  with  the  cycle  of  the  work  of  machine  cr  with  control 
according  to  program,  hydraulic  drive  becomes  [art  of  tne  sv.r  of 
automatic  either  semiautomatic  control,  the  cell/elements  of 

hydraulic  drive  are  called  the  cell/elements  cf  automatic  hyirtulic 
equipment,  and  hydraulic  system  - ty  automatic  cr  semiautomatic. 


Pressure  of  liquid  in  hydraulic  systems.  From  expression  (1)  it 
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follows  that  during  a pressure  increase  of  liquid  ♦ he  power  o: 
hydraulic  drive  under  otherwise  equal  conditions  proportioi illy 
raised,  and  consequently,  descend  its  specific  mass  and  dimension: 
In  view  of  this  in  practice,  occurs  a continuous  pressure  increase 
At  present  in  hydraulic  systems,  as  a rule,  pressures,  are  equal  + 
200-250  and  thinner  than  35C-7C0  kgt/cm*. 


Water  with  20°C  is  converted  into  solid  at  pressure  P4C0 
kgf/c  m*. 


In  the  hydraulic  systems  of  machines,  are  common  the  pumps  ly 
power  to  75  kw  (100  h.p.);  however,  in  certain  cases,  and  in 
particular  in  heavy  machine  building,  they  are  appliei  purrs  »■:*: 
driving/homing  power  above  3000  kK  (at  pressures  2 20  kgf/cir2). 


Unity  of  the  physical  quantities.  Calculation  formulas  it. 
textbook,  as  a rule,  are  qiven  in  such  form,  that  it  r:s  possiul-  * 
utili2e  them  under  conditions  of  applying  concrete/specif  ic/ac*  ti  : J 
ones  of  international  system  (SI)  and  cf  irks  system,  of  mk  tore 
systems  and  of  CGS , in  connection  with  which  in  the  inter  pr-tu  u-  • 
the  designations  of  values  are  net  brought  cne  cf  the  physical 
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quantities. 


Fage  10. 


In  those  individual  cases  when  in  formulas  are  appliel 
extrasystemic  one  as  horsepower,  calorie,  etc.,  or  one  from  dir 
systems,  in  the  interpretation  of  the  designations  of  values,  a 
given  cne,  used  in  these  calculation  formulas. 


Ir.  appendix  are  given  the  values  of  units  different  frc:r  c 
and  used  in  textbook,  ir  ones  of  SI,  multiple  and  lobate  from  - 


In  accordance  with  the  fact,  in  which  cnes  will  be  examine 
the  reader  the  physical  quantities  (SI,  ps,  mk  (forc«)  s or  c;: 
during  the  analysis  of  formulas  or  the  solution  of  the  problem- 
given  in  textbook,  one  should  apply  the  dimensionality,  the 
designations  and  the  designations,  provided  by  cne  Gost  or  r h 

rocr 

namely:  by  project  GOST  [ S3  BpQii  - All-uricn  state  Standard]  in 


pull.  1970,  GOST  of  9867-61  cr  GOST  766U-61. 
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Chapter  I. 


PRINCIPLES  OF  APPLIED  HYDRAULICS. 


WORKING  FLUIDS  AND  THEIR  PROPERTIES. 


Working  medium  (medium)  ir  hydraulic  systems  are  in  ess-r.c'  t!.. 
different  types  of  the  mineral  liquids,  which  are  the  distil Lat- 
oils,  thickened  by  solid  hydrocarbons  ( faraf  f i r./keroser.e,  c^r1  , 

etc.),  and  less  frequently  liquids  on  the  basis  of  organic  and 
or  qa  ncsilicon  compounds.  Especially  widely  are  applied  the  m ix  ur  <- : 
of  mineral  oils,  which  consist,  of  low- visccsi  t y oil-products  wit) 
high- viscosity  components  (thickeners). 


The  working  fluid  is  the  cell/element  of  hydraulic  mechirusi. 
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simultaneously  lubricant  and  anticorrosive,  therefore  when  select i 
working  fluid  for  hydraulic  systems,  cr.e  shculd  consider  its  pny.i 
and  chemical  properties.  The  basic  evaluation  criteria  of  tie  :ual 
ct  working  fluid  are  the  density,  the  visccsi t y-tempera tur e 
properties,  chemical  and  physical  stability,  aggressiveness  vitn 
respect  to  rubber  packing  elements  and  lubricating  power.  Somotij-* 
are  presented  the  requirements  for  refractoriness  and  suitabilr4-} 
work  in  wide  temperature  range. 


tensity  of  liquids. 


The  density  of  liquid  is  the  physical  quantity,  which  t ep  r 
the  ratio  of  the  mass  of  liquid  to  its  volume. 


During  the  even  distribution  of  mass  density 
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where  m is  a mass  of  the  volume  cf  V liquid  in  cuestion. 

Is  distinguished  also  specific  volume  (volume,  occupied  tv 
unit  cf  mass)  v,  which  is  the  value,  reciprocal  densities  p 


Specific  gravity/weight  can  be  expressed  ty  density  and 
free-fall  acceleration  g: 


The  density  of  mineral  oils  varies  for  their  different  i-:  .. 


withir  limits 
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p = 830  ^940  kq/m3- 


For  practical  calculations  it  is  possible  to  accept  p = >"■  '> 


kq/m  3 . 


Fa  ge  12. 


Density  has  yreat  significance  dur ing  ^fca Icula* ions  of  flow 
conditions  of  the  liquid  through  the  lccal  friction,  loss  c 
in  which  is  caused  in  essence  by  the  acceleration  ol  li  j u i 
consequently,  the  pressure  differential  Ap,  as  this  foil  jw.  - •. 


kncwn  relationship 


a=VW- 
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it  depends  on  the  density  of  liquid 


Cn  the  density  of  liquid,  depend  the  iupact  pressure  with 
hydraulic  impact,  and  also  line  resistance  in  transient  processes. 

For  example,  for  creation  in  the  pipeline  of  certain  in  practice  r < ;i 
acceleration  of  liquid  with  p = 13  600  kg/m3  the  required  pr»s_-u:~ 
can  exceed  17  times  the  pressure,  necessary  in  the  case  of  applying 
nineral  cil  with  p = 80C  kg/m3-  During  the  application/use  cf  a 
liquid  with  p = 13  600  kg/m3  the  force  cf  inertia  during  its  mc*ici 
in  cord uit/manifolds  will  be  the  so  large  that  for  the  creation  of 
the  required  acceleration  will  he  expend/cor.sumed  the  consider  a; dK 
part  cf  the  pressure;  with  respect  will  decelerate  the  operatin'; 
speed  of  system  and  the  reaction  of  the  latter  to  control  signal;  . 


The  density  of  liquid  depends  on  temperature,  the  form  whar  with 
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change  latter  changes  also  the  specific  volume  cf  liquid.  Ti  < 
indicated  dependence  is  characterized  by  tempeiatur«  coeffioie.n 
(in  1/deg)  volume  expansion  of  liquid,  that  are  the  physical 

quantity,  which  expresses  a relative  change  in  the  volume  cf  li 
during  a change  in  the  temperature  cn  1°C: 


a 


&V/V0 
A<  ' 


where  AV/V0  and  the  relative  change  in  the  initial  volume  VQ  in 
QUESTION  liquid;  At  = t - t0  - the  change  cf  temperature;  he r 
t are  the  initial  and  final  temperatures  cf  liquid;  A V = V - v0 
volume  change  during  an  increase  in  the  temperature  with  t0  to 
here  v0  and  V are  a volume  of  liquid  respectively  at  teraperatur 
and  t. 


In  accordance  with  this  change  AV  volume  and  the  new  volui 
temperature  of  t 


AK  = aMV0\ 

V = Va  + Ah'  = V0  (1  + aA t). 


(2) 

(3) 


The  density  of  liquid  at  rated  temperature  of  t = t0  ♦ a* 

p = — p° ; 

K 1 + aAt  * 


where  p is  density  cf  liquid  at  temperature  of  t. 

The  average  value  cf  temperature  volumetric  expansion 
coefficient  for  the  widespread  in  hydraulic  systems  oil  of  A/a-lo 

te  taken  as  in  the  range  cf  pressures  0-20C  kgf/cm*  8»10  4 to  1/' 
cr,  otherwise,  the  temperature  expansion  of  this  cil  comprises 
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approximately  O.O80/0  during  heating  cn  1°C.  Per  the  mineral  > j 
the  more  high  viscosities,  distributed  in  the  hydraulic  system.' 
ether  machines,  this  coefficient  is  egual  approximately  7»10  * 
1/deg  . 


Eage  13. 


For  this  case  of  expression  (2)  and  (3)  they  taKe  the  f0;  , 


AV  = 7-  10*4A/V0; 

V = V0(l  + 7-10-«AQ. 


The  maximum  value  of  temperature  volumetric  expansion 
coefficient  they  have  synthetic  liquids.  Thus,  for  instance,  av 
temperature  volumetric  exparsicn  coefficient  of  liguil  on  tie  1 
of  alkyl  pol  y si  loxa  tes  during  a change  in  the  temperature  fret: 
200°C  is  equal  to  9.52*10  * to  1/deg. 


Is  o 
of 

» c 


a s i -c 
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Since  the  density  of  true  liquids  changes  with  a change  in  rht 
temperature  in  the  widespread  temperature  range  insignificantly, 
during  the  hydraulic  designs  in  many  instances  sufficient  *0  ta.-.f  - : 
ccrstant  values  of  these  parameters.  However,  are  possible  cor:  1 ; r j.-. 
in  which  this  assumption  it  can  give  as  a result  of  the  volume 
expansion  ct  liquid  during  a change  in  its  temperature  to  the  s-ricu 
disruptions  of  the  work  of  hydLaulic  system.  The  latter  is  ca'i.e  .i  hy 
the  fact  that  as  a result  of  heating  liquid  car  occur  the  overrilln 
ty  it  of  reservoirs.  In  the  same  case  when  liguid  is  included  i-  tn- 
rigid  closed  capacitance/ca pacity  (reservoir,  actuating  cylinir, 
etc.),  is  protable  the  destruction  cf  the  latter.  The  possibili*y  >: 
similar  destruction  is  caused  ty  the  difference  in  the  value  01  t: 
temperature  volumetric  expansion  coefficiert  cf  liquid  ar.d  xe^al  , : 
consequence  ct  which  in  closed  volumes  liquid  during  its  heatinu, 
they  can  arise  inadmissibly  high  pressures.  A pressure  incr1  1.  h.\ 

during  heating  actuating  cylinder  (or  another  tank)  with  the  c 1 c • ' 
in  it  liquid  during  a change  in  the  temperature  from  1. 1 to  t ,, , will 
compose 

Ap  = £(«*  — a„)(fa  — /,). 

where  E is  the  bulk  rigidity  modulus  of  liquid;  aM  and  a*  are 
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temperature  volumetric  expansion  coefficitrts  cf  liquid  arid  i f '■  1 
irom  which  is  made  cylinder. 


The  density  of  liquid  depends  also  as  a result  of  its 
compressibility  on  the  value  of  pressure. 


However,  since  for  the  widespread  workinq  fluids  with  tt>-  : il’ 
ncdulcs  cf  compression  E = 15  000-20  000  kqt/cir^  density  p at 
pressures  on  the  order  of  200  kqf/cm2  insignificantly  differs  tic,* 
density  p0  at  zero  pressure  (virtually  p = 1.01po),  during  ♦ h- 
calculation  of  hydraulic  systems,  usually  they  assume  that  rh< 
density  does  not  depend  on  pressure. 


Viscosity  of  liquids. 

The  viscosity  cf  the  working  fluid  whose  hearth  is  under.'”' 
property  to  resist  shearing  strain  or  tie  slip  cf  its  layers,  i or 
cf  most  important  for  calculation  and  design  of  the  volumetric: 
hydraulic  equipment  of  the  parameters  cf  liquid. 
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The  mechanism  of  the  emergence  of  viscosity  is  caused  by  * i *- 
fact  that  during  flow  of  liquid  alcng  solid  wall  the  velocity  of  .t 
layers  as  a result  of  braking  flow  is  different,  in  consequence  cf 
which  between  layers  appears  the  frictional  force.  This  frictional 
force  (shearing  stress)  is  determined  from  the  equation#  which 
expresses  the  law  of  liquid  friction  of  Newton  [19]: 


T 1 
F du/dy  ’ 


(4) 


where  p it  is  determined  factor  of  pro  per t i cn a 1 ity  (dynamic  viscosi 
cf  liquid)  ; F is  an  area  of  the  surface  of  liquid  or  wall  in 
question,  which  is  contacted  with  liquid;  du/dy  is  a vr-loci-y 
gradient  of  velocity;  here  y - the  distance  between  the  layers  of 
liquid,  measured  perpendicularly  to  the  direction  of  the  motion  ci 
liquid;  u - the  velocity  of  the  moticn  cf  liquid. 
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From  formula  (4)  it  fellows  that  the  dynamic  viscosity  is 
ruiterically  equal  to  the  frictional  force,  which  develops  on  sinyl< 
surface  with  the  velocity  gradient  of  velocity,  ejual  to  unity. 
Furthermore,  from  this  same  formula  it  follows  that  viscosity  (with 
the  exception  of  anomalous  liquids,  tc  which  are  related  suspensions, 
colloids,  etc.)  it  is  exhibited  only  during  flew  of  liquid,  wh.-r<-a.-> 
in  the  quiescent  liquid  shearing  stresses  are  equal  to  zero. 

Unity  of  dynamic  viscosity  in  inks  system  and  Si  - Pascal-.' or  i 
(Pa»s)  ; in  - MKGSS  system  kilogram-force-second  per  square  met--: 
(kgf«s/m*);  in  CGS  system  - poise  (poise),  equal  to  dyne-second  per 
square  centimeter  (dyn»s/cm*).  1 kg*s/mz  = S8.C£6S  poises  = 9.c'  tV 
Fa  «s,  1 poise  = 0.1  Pa«s  0,0102  kg»s/m?. 

Dynamic  viscosity  for  low- viscosit y liquids  usually  express  i; 
centipoises  (cp) , whereupon  1 cp  = 0.01  poise.  For  a demonstrative 
comparison  it  is  possible  tc  indicate  that  the  viscosity  of  wa ‘ i 
with  20°C  is  equal  approximately  1 cp. 
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Kinematic  viscosity.  In  the  hydraulic  designs  is  applied  - : 
ratio  of  dynamic  viscosity  p tc  density  p liquid,  which  is  cil  1‘ 
Kinematic  viscosity  and  is  designated  the  v- 


v=a. 

p 


Unity  of  kinematic  viscosity  ir2/s  in  irks  systems,  -SI  ar.  d 
(force)  s,  cm2/s  in  cys  system. 


ihe  viscosity,  equal  tc  1 cm2/s,  is  called  stoke  (stec-1)  • 
technology  will  win  acceptance  the  centistckes  (c.  st.  ) , whereu 


1 c.  st.  = 0.01  steel  = 1 mm2/s  = 1C  6 m2/s, 


1 mz/s  = io  000  steels  = 1 000  CCC  c.  st 
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Cn  the  standard  of  the  USSR,  the  viscosity  of  oil  is  giver  at 
temperature  of  50°C,  in  accordance  with  which  in  technical 
specifications  it  is  indicated  (if  are  absent  special  sti  pu]  a*-  i cn  z) 


the  kinematic  viscosity,  expressed  in  centistokes  at  temperature  < r 


50  °C. 


Conditional  units  of  viscosity.  Ir  practice  they  use  also 
unit  of  relative  viscosity,  measured  by  the  viscosimeter  whose  .or? 
is  based  on  the  discharge  of  the  liquid  through  the  metering  i.eir  c: 
the  determined  diameter.  Specifically,  in  Soviet  industry  is  apii: 
the  Englet  viscometer  with  the  aid  of  whom  is  determined  time  * or 
discharge  under  dead  weight  20C  cm3  of  the  experience/tested  1 i u: 
frcm  the  cylindrical  container  through  the  assigned  opening/1  1 rtu: 
(2.8  mm  in  diameter)  at  the  given  temperature,  lime  t is  compare  . 


with  time  of  the  aaaa  of  discharge  from  the  same  container  20) 
water  at  temperature  of  20°C.  In  accordance  with  this,  the  vi.cc-i-y 

cf  liquid  in  the  degrees  of  relative  viscosity  ( ° V U)  is  express.-.;  : 


re  la  t icn 
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Belative  viscosity  frequently  is  expressed  also  with  Engler' 
seconds,  which  show  time  of  the  discharge  cf  the  determined  vole 
liquid  from  the  indicated  viscosimeter  in  seccrds. 

Engler  viscometer  is  applicable  for  liquids  with  viscosity  i 
less  than  1 . 1°VU. 

The  conversion  of  cnes  of  relative  viscosity  into  ones  <ir;tn 
is  corducted  for  conditional  viscosity  °V0  cn  the  table,  given  it 

GOST  31-66,  relative  viscosity  more  16°VU  according  to  formula 

v,  = 7.4lO-'°By, 
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where  the  v,  it  are  conducted  kinematic  viscosity  in  m?/s  t.y 

temperature  of  t. 

We  use  the  following  formulas  to  determine  the  dynamic 
viscosity  in  terms  of  dynamic  viscosity: 


fa 
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In  practice  for  a recalculation,  usually  they  use  special 
nomograms  or  tables.  Figure  h gives  curve/graph  for  the  re  ca  le  u 1 a T . oi. 
cf  dynamic  viscosity  into  conditional. 

In  the  USA  and  England,  are  common  ones  of  relative  viscosity  - 
saytolt's  second.  The  conversion  of  these  ores  into  ones,  accept-  i.. 
Soviet  industry,  is  conducted  on  special  tatles  [7], 

With  the  mixing  of  several  mineral  oils  cf  different  viscosity,  ir 
formed  the  uniform  mixtures,  in  which  are  inherent  the  bas- 
properties  of  the  initial  oils.  This  property  makes  it.  possiht.  * o 
mix  the  determined  amounts  several  types  of  oils  for  obtaining  * 
mixture,  which  possesses  the  predetermined  prevailing  property, 
important  for  these  target/purposes. 

The  viscosity  of  such  mixture  depends  cn  the  viscosity  of  * 
components  and  their  content  in  mixture;  however,  it  some*;  at  r 
average  the  value  of  the  viscosity  of  components. 


Dependence  of  viscosity  frcm  temperature  and  pressure,  v* 
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increase  in  the  temperature,  the  viscosity  drop  of  liquids  and  * 
mixtures  is  reduced-  Figure  5 gives  the  curves  cf  the  dependence 
the  viscosity  of  the  used  in  hydraulic  systems  mineral  oils  or. 


temperature. 
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Fig.  6.  Dependence  of  the  viscosity  cf  minecal  cil  cn  th 
curve  1 - 4q°C;  curve  2 - 80°C. 
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Key:  (1).  c.  st.  (2).  Viscosity.  (3).  Pressure.  (4).  kg£/ctt?. 

Fig.  7.  Dependence  cf  the  viscosity  cf  frcstprccf  mineral  c i Is  or 
p ressure. 

Key:  (1).  cp.  (2).  Transformer.  (3).  kgf/crr2. 
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It  is  obvious,  the  lesser  changes  the  viscosity  with  temperature 

change,  the  higher  the  quality  and  better  the  performance  [lopi-ri- 
cf  working  liquid.  During  the  a ppl ica t i cn/ use  cf  liquids  with  high 
viscosity-temperature  dependence,  is  impeded  the  work  01  hyaraulic 
system  in  winter  operating  conditions.  The  latter  is  caused  i.\  * i r 
tasic  the  fact  that  at  lew  temperatures  is  raised  the  viscosity  of 
liquid,  which  makes  its  pumpability  worse  ir,  main  lines. 


The  viscosity  cf  liquids  depends  also  cn  pressure,  increasing 
with  an  increase  in  the  latter,  which  is  s uts ta r t ia 1 1 y important  :■ 
high-pressure  hydraulics.  Viscosity  in  this  case  change  can  hav-  a 
considerable  effect  on  the  characteristics  of  hydraulic  system,  rii 
even  during  relatively  small  changes  ir  the  pressure  from  0 to  400 
kgf/cm2  the  viscosity  of  many  oils  at  normal  temperature  incr-  i.  *s 
approximately  3 times. 


Experiment  shows  that  at  relatively  small  pressures  (fro 
4CC-500  kgf/cm2)  the  viscosity  of  mineral  cils  changes  witr.  p:  ui 

change  virtually  linearly  (Fig.  6).  At  higher  pressures  lir.eai 
dependence  is  disrupted.  Thus,  for  instance,  during  a pressut*-* 
increase  from  0 to  1500  kgf/cm2  the  viscosity  cf  mineral  oils  i 
raised  15-17  times,  and  by  pi  a pressure  increase  from  0 to  200 
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kgf/cu2  it  is  raised  depending  on  the  type  cf  cil  50-1000  timer.  " 
viscosity  of  synthetic  liquids  changes  under  these  conditions  15-25 
times.  At  pressures  on  the  order  of  20  C00-30  0C0  kgf/cm2  mineral 
oils  harden.  In  particular  the  oil  AflG-10  hardens  at  pressure  3C  0. 
kgf/cm2  (at  temperature  of  20°C). 

During  practical  calculations  the  dependence  of  t.hr>  viscosity  ct 
the  mineral  oils,  used  in  hydraulic  systems,  cn  pressure-  (for  a rai 
from  0 to  500  kgf/cm2)  it  is  possible  tc  compute  according  * o the 
approximate  empirical  expression 

v»  = v (1  + kp), 

where  the  v0  and  v - kinematic  viscosity  at  pressures  wi*h 
respect  to  p and  atmospheric;  k is  the  coefficient,  depending  cn  * ne 
type  of  oil  (it  is  possible  to  accept  fer  the  light  oils  wit)  of 
v5o  <15  cst,  k = 0.002  and  for  the  heavy  cils  with  of  vM  >15 
cSt,  k = 0.003);  p is  oil  pressure  in  kgf/cu2. 

Figure  7 gives  the  curves  of  the  dependences  of  the  viscosity  <: 
twe  widespread  frostproof  types  of  oils  on  pressure  with  teirpratuc- 


20  °C 
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Stability  of  the  characteristics  of  oils. 

For  the  work  of  hydraulic  systems,  it  is  required  ir.  order  M 
liquids  under  working  conditions  of  applicaticr/use  and  storage  wouli 
not  change  their  initial  physical  and  cheirical  properties,  i.-., 
retained  under  operating  conditions  physical  and  chemical  by 
stability  it  is  understood  the  ability  cf  liquid  to  retain  its 
physical  state  (properties),  also,  by  chemical  stability  - stability 
against  the  "aging"  hearth  by  which,  in  turn,  are  understood  mainly 

the  changes,  which  proceed  in  oil  in  the  presence  of  oxyger.  or 
atmospheric  air. 

Cne  of  the  reasons  for  the  disturbance/breakdown  ol  the  ot.y.ir  1 
stability  of  liquid  is  its  exhaustion  ic  ccrtirtcus  operation  ur  : 
conditions  high-pressure  (with  high  shear  stresses),  in  particular 
with  throttling  with  a large  pressure  differential  and  w it  t luhrica:4 
under  the  pressure  being  rubbed  vapor  with  high  specific  load.  A. 
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result  of  this,  occur  the  changes  (destruction)  in  the  molecular 
structure  of  liquid,  which  are  accompanied  ty  fall  in  its  vi:.cc..j 
and  also  by  deterioration  in  its  lubricating  qualities. 


Loss  of  viscosity  especially  strongly  is  exhibited  of  t ue  oi 
mixtures  of  AMU-10,  which  contain  the  tcuyheners  (thickener),  wl  i 
consist  of  long  hydrocarbon  chain/netwcrks.  These  chain/networ xs 
prolonged  exhaustion  in  particular  during  the  repeated  extrusion 
liquid  under  high  pressure  through  small  clearances,  can  be 
destroyed,  occurred  seemingly  gradual  "crincing”  of  thickener,  i. 
result  of  which  the  viscosity  of  liquid  in  the  course  of  tine  can 
decrease  to  inadaiissibl  y low  value. 


In  operation  do  net  allow/assume  reducticr  the  viscosity  nor 
than  to  20o/o  of  its  initial  value. 


Not  the  less  important  characteristic  of  liquid  is  its  0 :1; 

stability  which  depends  on  the  chemical  composition  and  the  s’- rue 
cf  its  constituting  components.  As  a result  of  the  oxidatior  or 
liquids,  and  in  particular  mineral  oils,  occurs  the  precip i* an io; 
them  them  deposits  in  the  form  of  resins,  and  also  ’■he  fall  in  1 1 
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viscosity,  which  is  accompanied  by  the  loss  ot  lubricating 
p roper ties. 

The  intensity  of  oxidation  considerably  depends  on  te  mp  <?r  at  ut  • 
cn  the  contact  surface  cf  liquid  with  air,  being  raised  wit;.  ^ 
increase  of  temperature.  For  example  during  an  increase  in  tt 

temperature  by  each  8-10°C  intensity  of  the  oxidation  of  mineral  cii 
virtually  is  doubled. 

It  is  obvious,  in  order  that  will  cccur  the  oxidation  ot  cil,  i*- 
must  enter  the  contact  with  oxygen  which  occurs  over  bounding 
surface,  and  also  over  the  surface  of  air  bubbles,  which  is  loca* 
in  mechanical  mixture  with  cil.  Especially  actively  occurs  t h '■ 
oxidation  process  of  oil  in  the  presence  in  it  ct  the  emulsified 
(undissolved)  air. 

Dissolution  in  the  liquids  of  gases.  All  liquids  possess  r 
ability  to  dissolve  gases  which  in  the  dissolved  (dispersed)  state  o 
not  exert  a substantial  influence  on  the  operation  of  hydraulic 
System.  However,  if  pressure  at  any  point  cf  the  volume  of  li  :ui 
decreases,  gases  are  separate/ liberated  from  sc  lution/op  en  i i.  g in  * • 


r' 


1 
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form  cf  the  bubbles  which  make  the  mechanical  properties  ot  li 
worse  and  reduce  its  chemical  stability. 


Experiments  show  that  the  relative  volume  cf  (jas  which  ca 
dissolved  in  liquid  before  its  saturation,  directly  proportion 
face  pressure  of  section.  This  volume  cf  gas,  referred  to  atmo 
pressure  (760  mm  Hg)  and  temperature  0°C 


where  the  k = Xs- 'Q  - the  coefficient  of  solubility  of  gas  i 
liquid;  VM  ~ the  volume  of  liquid;  pt  and  p2  - the  initial  a 
stagnation  pressure  of  gas,  which  is  located  in  contact  with 
liquid. 


o u i d 


n b 
a 1 to 
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Fig.  8.  Dependence  of  the  relative  viscosity  oi  irineral  oil  o 
content  in  it  of  the  undissclved  air. 

Key:  (l).  Content  of  air  buttles. 
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Under  coefficient  cf  k of  the  solubility  cf  gas  of  standat  i 
conditions,  is  understood  the  volume  of  the  gas,  which  is  civ-  : 

at  atmospheric  pressure  per  unit  of  volume  cf  liquid. 


This  coefficient  depends  on  the  properties  of  liquids  am  ra.  ^, 
decreasing,  as  a rule,  with  an  increase  in  the  density  of  liquid.  For 
mineral  oils  90  and  82  kg/m3  density  the  coefficient  of  solubility 
cf  air  with  respect  is  0.C8  and  0.10.  The  coefficient  of  solubility 
of  air  in  the  oil  of  AJJG-10  cf  temperature  cf  20°C  is  0.1088  and 
kerosene  - 0. 127. 


The  solubility  of  oxygen  in  liquids  higher,  the  atmospheric  air, 
in  view  of  which  the  dissolved  in  liquid  air  contains  oxyger  to 
40-50o/o  more,  the  atmospheric  air,  which  intensifies  the  oxi:atior 
cf  liquid  and  the  failure  of  the  rubber  parts  cf  hydroagyregat es. 


Since  the  volume  of  the  air,  dissolved  in  liquid  before  i*. 
saturation,  directly  proportional  tc  pressure,  during  a decreas- 
(even  local)  in  the  last/latter  below  value  at  which  occurred  *• 
saturation,  the  excess  of  air  for  a new  pressure  it  will  be  isolat 

from  it.  similar  local  decompression  can  occur  as  a result  of  a 
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change  in  velocity  and  direction  of  fluid  flow  in  hydroaggr*  latr*..  <;i 
communications  of  hydraulic  system.  Gas  evcluticri  will  occur  u r.  * i 1 
sets  in  the  new  equilibrium  between  liquid  and  gas  phases. 


The  examined  property  of  liquid  has  great  practical  valu-  for 
the  work  of  hydraulic  system,  since  the  presence  of  gas  impair.,,  ji  ; 
ir  many  instances  it  can  completely  upset  the  operation  of  hy-naulic 
system  and  its  aggregate/units,  specifically,  when,  in  the  li.-u: 
gas  is  present,  is  accelerated  the  onset  ct  cavitation.  The  g.t.  , 
which  isolated  from  liquid  in  the  sucticn  line  cf  pump,  cai.  par’-:  liv- 

er even  completely  fill  the  working  cavities  cf  pump,  decr«asi  ;•  : 
thereby  its  feed  and  making  the  mode/cc rd it  ions  of  its  wors  wor.t. 


Mechanical  mixture  of  air  with  liquids.  Air  can  be  located  ir 
liquid  in  mechanical  mixture  with  it,  whereupon  depending  or  r 
size/dimensiens  of  the  bubbles  of  the  latter  this  mixture  pu  :.  -rs.  . 
less  cr  larger  stability,  and  under  specific  conditions, 
characterized  in  essence  by  the  size/dimensions  of  cubbies  (ii'.r**  i 
cf  butble  is  equal  to  0.4-0. 8 pm)  and  by  the  viscosity  of  ir  pi:  *!.• 

velocity  of  the  displacement  of  air  bubbles  frem  liquid  becom-s  . o 
small,  that  the  air  bubbles  can  be  located  in  mixture  with  li;u; 
during  man  y da  ys. 
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The  dispersal  system,  which  consists  cf  true  liquid  with  j.,:. 
bubbles,  is  called  gas-liquid  medium.  Since  qas  in  the  form  of 
bubbles  always  is  present  in  this  or  another  amount  in  the  woi  king 
fluids  of  hydraulic  systems,  virtually  we  deal  not.  with  liquid,  hi 
with  gas-liquid  medium.  Usually  in  the  oil  cf  the  acting  hydraulic 
system,  it  is  contained  approximately  C.5-5c/o  cf  air  in  t he 
undissolved  state. 


When,  in  the  liquid,  the  undissolved  air  is  present,  i*-s 
viscosity  increases  (Fig.  8),  the  size/dime nsic rs  of  nubbles  t n-- 
viscosity  cf  mixture  not  affecting. 


The  relation  of  the  viscosity  of  the  liquid  of  n,  witn 
bubbles  to  the  viscosity  of  liquid  p0  without  bubbles 

M,/p0  = 1 + 0,0155, 

where  B is  the  content  of  air  bubbles  i r.  o/c. 


The  presence  in  the  liquid  of  dissolved  an  considerably  L » r 
volumetric  strenqth  of  liquid  and  changes  its  cavitation  prop-  : * , 


Formation/education  of  froth.  Under  the  known  operating 
conditions  of  oil,  can  te  formed  the  froth,  which  is  the  com  pour  1 ci 
air  hubbies.  During  the  f or  mat  ion/educa  t ion  of  froth,  occuls  a ‘-*11 
in  the  lubricating  qualities  of  oil,  arc  also  is  raised  the  corrosion 
of  the  metallic  parts  of  h y dr  oa  gg  rega  tes  and  the  oxidation  of  t;.-  oil 
itself,  whereupon  as  a result  of  the  large  phase  contacting  sna 
between  liquid  and  air  in  troth  considerably  are  accelerated 
oxidation  and  other  chemical  reactions. 


[ 

I 


The  foaming  and  the  properties  of  froth  depend  on  the  tyn<>  o‘ 
the  liquid:  mineral  oils  give  stable  froth,  and  the  castor  oil,  wr.ic;. 
possesses  the  same  viscosity  and  surface  tension,  easily  destroy:, 

froth . 
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Pages  19-38. 

Compressibility  of  liquids. 

The  true  liquids  are  the  elastic  bodies,  which  are  subor 3 it a*  - ; 
with  certain  assumption  to  the  law  of  the  compression  of  Hooko. 


The  elastic  deformation  (compressibility)  of  liquid  is  the 
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phenomenon  for  hydraulic  drive  and  systems,  as  a rule,  noqativ.  . 
Specifically,  in  view  of  the  ir  re  ve  rs  if  i li  t y or  energy,  expend  i f 
the  compression  of  liquid  (accumulated  during  the  compression  cl 

liquid  energy  not  I could  be  used  for  the  completion  of  effective 
work,  but  is  lost  during  expansion),  is  reduced  the  efficiency  cr 
hydraulic  drive.  Furthermore,  the  elasticity  cf  liquid  makes 
operating  mode  of  hydraulic  system  worse,  whereupon  if  in  slow-ac* 
systems,  and  also  in  systems  with  small  friction  and  light  inertia 
load  the  effect  of  the  elasticity  of  liquid  usually  insignificant! 
then  in  systems  with  considerable  inertia  lead  and  high  static 
friction  (such,  for  example,  as  systems  cf  the  drive  of  the  tarlis 
the  machine  tools)  the  elasticity  of  liquid  leads  to  inter  mitt e i r 
motion  and  the  possible  less  of  stability. 


The  compressibility  of  liquid  in  the  hydraulic  systems  of 
control  creates  in  all  cases  in  main  lines  and  hydraulic  mechanism 
the  effect  of  liquid  spring. 


The  hardness  of  hydraulic  mechanism  it  is  possible  to  evalr.a* 
(not  allowing  for  structural  distertier)  by  the  coefficien*  of 
relative  volumetric  compression  p (by  coefficient  of 
compressibility),  which  when  the  compression  of  liquid  obeys  Hccke 
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law  itself,  characterizes  the  relative  change  ir  the  volmn.-  of 
liquid,  per  unit  the  unit  cf  pressure  chance: 


AV 

V. 


or 


AV  = pApV0;  V = (V,  — AV)=*V,(l-PAp). 


(5) 


where  AV/V0  is  a relative  change-  in  the  volume;  Ap  = p?  - i,  - 
change  in  the  pressure,  which  acts  on  liquid; 

here  p2  and  pt  are  the  final  and  initial  pressure;  V0  ana  V is 
initial  volume  during  a charge  in  the  pressure  cn  Ap;  AV  = V0 
a change  in  the  volume  of  liquid  with  the  change  of  pressure  c 


The  value,  reciprocal  £,  is  called  the  bulk  rigidity  ood'i 


liquid  during  the  cubic  compression: 
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Fig.  9.  Dependence  of  the  coefficient  cf  compressibility  d an!  ci 
bulk  modules  E on  the  pressure:  a)  mineral  oil;  t)  synthetic  1 i i u i < 


Key:  (1).  c m2A9*  (2).  kgf/cm2.  (3).  Coefficient  cf  com  pre  ssibi  1 1 * y 


Elastic  modulus 


e-tiftf/ai*  | 


0 *00  800  1200  1600  2000 
/ lai/iem/e 


I j Mai/iemie 


s 

\ 

' 

0 *00  800  1200  nr/cn * 

DOC  = 77020109 


F AG  E 


The  bulk  modulus  cf  liquid  E is  accepted  in  technical 
specifications  and  records  as  the  critericr,  for  the  compressibility 
cf  liquid.  The  value  of  this  index  depends  cn  the  typo  of  liguiu,  ar 
also  cn  the  acting  pressures  and  temperature. 


Temperature  effect.  With  a pressure  increase,  the  coefficient  c 
compressibility  0 liquids  decreases  (modulus  cf  elasticity  E is 
raised),  whereupon  a decrease  in  it  with  increase  pressure  unevenly. 
For  the  majority  of  mineral  liquids,  a decrease  in  it  most  intensely 

occurs  at  comparatively  lew  pressures  (are  less  than  1000-1200 

kgf/cm2,  Fig.  9a) , whereupon  during  small  changes  in  the  pressure  cf 

liquid  (to  600-700  kgf/cm2)  a relative  charge  in  the  volume  (th*- 

vclume  strain  of  liquid)  AV/V0  in  the  process  cf  compression  cat  b~ 

accepted  proportional  to  a change  in  the  pressure  Ap,  i.e.  , it 

approximately  is  subordinated  to  Hooke's  law 

AV  c.  AV  1 

— V,  ~ V,  ' p • 


Cn  the  average  during  a change  cf  the  pressure  from  1 *- o 1000 
kgf/cii2,  the  coefficient  cf  the  con  pressib  i lit  y of  mineral  oiIj  ir 
the  isothermal  mode/conditicns  of  compression  decreases  by  30-40o/c, 
and  of  the  synthetic  liquids  of  - 60-7Cc/o  cf  its  initial  value  (at 
atmospheric  pressure  and  normal  temperature).  At  high  pres  sue-  (i. 
more  than  2500  kgf/cm2)  a further  pressure  increase  is  not 
accompanied  by  a noticeatle  decrease  in  the  volume  of  liquid,  tr; 
consequently,  an  increase  in  the  compression  work  of  1 i qui  1 wiMi  ^ 
pressure  increase  decreases  and  can  become  negligibly  small. 


The  latter  visually  is  confirmed  by  the  empirical  curv-s  cf  * 
compressibility  of  silicone  liquid,  given  ir  Fig.  91. 
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In  the  general  case  it  is  possible  to  consider  that  the  vi) 
bulk  rigidity  modulus  E (at  t = 20°C  ard  at  mos pher ic  pressure)  * 

the  mineral  oils,  utilized  in  hydraulic  systems,  is  located  of  1 
500-17  500  kgf/cm2.  The  lower  limit  of  the  corrected  values  or 
nodu  le/mcd  ul  us  E = 13  500  kgf/cm?  corresponds  tc  the  widesprea  i 

aviation  hydraulic  systems  oil  of  the  AP.G-1C  cf  low  viscosity,  u 
limit  E = 17  500  kgf/cin*  - to  the  mere  viscous  oils  (Lor  exam:  1 
turbine),  us^d  in  the  hydraulic  systems  of  ether  machines  (pi-  o 

etc-)  . 


In  the  widespread  in  hydraulic  systems  pressure  range  ( ' 
kgf/cm2)  value  E in  the  function  of  pressure  p virtually  is 
subordinated  to  empirical  regularity 

E = E„  + Ap, 

where  E0  is  elastic  modulus  at  atmospheric  pressure;  A - t he 
parameter,  depending  on  the  type  of  liquid  and  its  temperature. 
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Table  1.  Parameter 

Ai  module/modulus  E0. 

E0  10-*  ■ nr /cm 


¥ TypOnHHoe  JT  (TOCT  8675 — 62) 
^ ) AMMO  (fOCT  6794-53)  . . 


Key:  (1).  Oil.  (2).  in  kgf/cm*.  (3).  Turbine  1 (GOST  [ 

All-union  State  Standard]  8675-62).  (4) . AMG-10  (GOST  6794 
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The  values  of  parameter  A and  of  modu le/mod u 1 us  E0  a*  the  iifferen- 
temperatures  for  two  used  in  hydraulic  systems  cils  ar°  gi  van  in 
Table  1. 


Taking  into  account  the  change  of  the  elastic  modulus,  kiuc:. 
proceeds  during  a pressure  increase,  the  average  value  of  the 
coefficient  of  compressibility  p the  oil  of  AUG-10  for  *:he  widesprea 
in  hydLaulic  systems  pressure  range  fretr  0 to  2C0  kgf/cm?  and 
temperature  t = 20°C 


P = 7 - 1 0_s  c ®2/kg  . 


For  a comparison  it  is  appropriate  to  indicate  that  elastic 
modulus  they  will  become  E = 2 x 106  kgf/cm*,  i.e.,  it  is  more  ar. 
IOC  times  more  the  modulus  of  elasticity  of  mineral  liquid. 


The  high  indices  of  compressibility  (fcy  lew  elastic  modulus) 
possess  synthetic  and,  in  particular,  the  ethy  1 po  lysiloxan  *-  liquids, 
the  coefficient  of  compressibility  of  which  (see  Fig.  9b)  by 
apprcximatel y SOo/o  higher  than  the  coefficient  of  the 
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compressibility  of  the  liquids  of  mineral  origin.  For  syntn»-tic 
liquids  the  value  of  bulk  rigidity  modulus  is  located  (h-lC)  103 
kgf/cn  2. 


For  water  and  the  widespread  working  fluids  on  water  princif  le 
(water-glycol,  etc.)  the  average  value  cf  elastic  modulus  at 
relatively  small  pressures  (to  200  kgf/cm2)  can  be  taken  as  2«1C* 
kgf/c  n2. 


During  rapid  (instantaneous)  changes  in  the  compression 
pressure,  of  liquid  occurs  cn  adiabatic  curve,  whereupon  adiabatic 
elastic  modulus  higher  than  isothermal.  In  view  of  this  during 
calculations  of  dynamic  processes  hydraulic  drive  is  utilized  m'  t; 
isothermal,  but  adiabatic  (dynamic)  bulk  modulus  of  the  liquid  of  1 1; 
aaaa  which  charact er izes  the  com  press  if i 1 i t y the  latter  m the 
quickflcwing  processes  change  in  the  pressure  and  the  absence  c: 
significant  heat  exchange  between  the  liquid  ar.d  the  environment.  Th 
value  of  this  bulk  modulus  is  defined  as  product  of  the  volume  of 
liquid  to  pressure  derivative  in  terms  cf  the  volume  of  r e V 

and  p - volume  and  the  pressure  of  liquid. 


(6) 
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The  adiabatic  bulk  modulus  of  the  liquid  cf  Ea  usually 
determined  in  practice  ty  the  acoustic  method,  based  on  the 
measurement  of  velocity  a cf  the  propagation  ot  acoustic  wave 
liquid  by  density  p 


a 


In  accordance  with  this,  the  module/mcdu lus  is  define!  a: 
product  of  the  density  of  liquid  to  the  square  cf  the  speed  o: 
in  it  in  the  assigned  conditions  (pressure  and  temperature): 

Ea  = pas. 


fa 


in  this 


? our  i 


w PI 
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Fig.  10.  Dependence  of  bulk  modulus  on  the  temperature:  the  cn 
a)  mineral  oil;  the  curve  cf  b)  synthetic  liquid. 


1 


v c i 


Key:  (1).  kgf/cm2*  (2).  Elastic  modulus*  (3).  7em ^erat ure . 
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With  an  increase  in  the  pressure  cr  dp,  the  density  oi  li  ju:,i 
raised  by  dp  and  becomes  equal  to 

P = Po  -f-  dp. 


where  p0  - the  initial  density  at  atmospheric  pressure. 


Takiny  into  account  that  the  mass  cf  liquid  in  = Vp,  we  have 


dV 

Po  Vt  ' 


in  accordance  with  this  adiabatic  (dynamic)  bulk  modulus 
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The  dependence  of  the  density  of  liquid  on  bulk  modulus  will  ! 
expressed 


P = Po  + p£. 


The  analysis  of  experimental  data  shews  that  during  the 
calculation  of  the  quickflcwing  processes  in  hydraulic  system.,  (for 
example  during  calculations  of  the  dynamic  characteristics  of 
hy dr cagg rega tes)  adiabatic  module/modulus  for  the  used  in  hydraulic 

systems  oils  and  a pressure  range  50-2CC  kgf/cm*  it  is  possible  to 
accept  Ea  1.15e,  where  E is  a bulk  modulus  with  of  isothermic 
irode/cond itions  of  compression. 


Temperature  effect, 
bulk  rigidity  modulus  of 
decreases,  in  accordance 
liquids  with  an  increase 


With  an  increase  in  the  temperature,  the 
the  working  fluids  of  hydraulic  systems 
with  which  the  compressibility  of  these 
in  the  temperature  is  raised,  whereupon  -t 


r 
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compressibility  of  mote  viscous  oils  is  higher  than  the 
compressibility  of  less  viscous  oils  of  the  same  type.  On  the  average 
the  bulk  modulus  of  the  majority  of  working  mineral  fluids  at 
atmospheric  pressure  and  to  temperature  of  40°C  is  equal  to  (17-la) 

10 3 kgf/cm?  and  decreases  with  temperature  of  2C0°C  to  (9- 1C)  103 

kgf/cm2.  The  modulus  of  elasticity  of  synthetic  (silicone)  liquids 
decreases  with  these  conditions  from  1 0 • 1 0 3 kgf/cm2  to  (4. 2-4. 5)  1G3 

kgf/c  m*. 


Comparative  experimental  data  cn  the  dependence  of  bulk  rigidity 
modulus  on  the  temperature  at  pressure  210  kgf/cm2  for  a mineral  oil 

(is  curve  a)  and  synthetic  (silicone)  liquid  (is  curve  b)  are  given 
in  Fig.  10. 


Effect  of  the  undissclved  air.  In  view  of  the  fact  that  *-h<- 
compressibility  of  air  (gas)  many  times  is  higher  than  the 
compressibility  of  liquids  (modulus  of  elasticity  of  air  is  equal 
approximately  to  the  value  cf  its  absolute  pressure),  the  presence  in 
the  liquid  of  air  bubbles  considerably  reduces  its  bulk  rigidity 
modulus,  in  consequence  of  which  is  raised  the  compliance/pl l a bi lit y 
(sag)  of  the  exit  ccmponent/link  of  hydraulic  engine  under  the  act ion 
of  external  load  (is  reduced  the  hardness  of  hydraulic  mechanism). 


~ 
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the  undissolved  air  leads  also  to  the  delay  of  hydraulic  system 
in  the  final  adjustment  of  signals  and  to  the  less  by  it  of  stability 
against  auto-oscillations. 


Let  us  examine  the  effect  of  the  undissolved  air  on  the  bulk 
modulus  of  elasticity  of  the  liquid,  which  contains  the  undissolved 
air.  For  the  analysis  of  this  dependence,  let  us  assume  that  in  the 
volume  of  the  Vx  of  liquid,  which  is  ioca-ted  under  pressure  p,  is 
contained  undissolved  air  ir  the  volume  cf  V,. 


Eage  23. 


A change  of  the  AK,  of  the  volume  of  the  aaaa  of  air  during 
the  compression  of  liquid-air  mixture  in  isothermal  mode/condi  tior.s 
(pressure  p is  raised  to  p ♦ a p)  let  us  find  from  the  following 
relationship  (we  assume  that  during  air  compression  is  not  dissolved 


■ r 1 1 cuid  ) : 


Consequently,  the  bulk  modulus  cf  ait  c€  E,  during  com;  rr-ssion 
in  iscthermal  inode/cond  it  io  ns  is  numerically  equal  to  that  pressure 
hearth  by  which  it  is  located: 


Analogously  it  is  possible  to  show  that  the  bulk  modulus  cf  air 
during  compression  in  adiabatic  and  polytrcpic  node/cond it icns  will 
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be  determined  by  expressions 

£,  = kp\  £,  = np, 

where  k and  n are  an  adiahatic  index  and  pclytrcpic  curve. 

Consequently,  the  value  of  the  modulus  of  elasticity  of  ai:  by 
the  pclytropic  mode/conditicns  cf  compression  exceeds  the  valu.  o* 
elastic  modulus  by  isothermal  mode/cond it io ns  in  n once  and  by 
adiabatic  - in  k once. 

Accepting,  that  the  bulk  rigidity  modulus  cf  the  Ex  of  liquid 
is  retained  constant  during  a change  in  the  pressure  on  Ap,  which  is 
virtually  correct  at  the  being  applied  pressures,  we  find  cn  the 
basis  of  expression  (6)  of  the  cf  a charge  in  t.h^  volume  of 

the  Vx  of  the  liquid  phase  of  liquid-air  mixture  during  a charge  ii 
the  pressure  on  Ap  (with  p to  p ♦ Ap)  : 


. -V - ■: 
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A change  in  the  \VC  of  the  volume  of  liquid-air  mixture  during 
a charge  in  the  pressure  cn  Ap  (from  p0  to  p = p0  ♦ Ap)  : 


AVC  = AV*  + AV.  = (^ 


^)4p  = 


where  VM 
air  at  pressure  p; 


and  y = Kn.—  ~ t he  volume  of  liquid  and  undissolved 

0 W p 


are  the  initial  air  volume  at  pressui 
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In  accordance  with  this  the  bulk  ncdulus  cf  liquid-air  mixture 


vx  + v,- 
+ &v. 


\p, 


(9) 


where  Ve  = VM  + V,  ~ the  volume  of  liquid-air  mixture  at  pressure 

F- 


After  solving  together  given  equations  (7)  - (9),  we  will  obtain 
after  conversion  and  simplification  approx  imat  icn  for  determining  fh-. 
bulk  rigidity  modulus  of  the  liquid-air  mixtuce  (given  bulk  rigidity 
modules)  of  Ec  during  its  compression  in  isothermal  mode/cond  i*- ior.s 
from  p0  to  p: 


1 +1T--T- 

v yc  p 


i + 


V**Pn 

V*cP1 2£* 


(10) 
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CJL 


— E* 


VtP  4-  VXEX 


where  V.  ~ - — are  the  relative  volume  of  air; 

*'0*  -f-  V oxc 

Vx  = v„x't*v^~  ~ t*ie  relative  initial  volume  cf  liquid. 


Faqe  24. 


From  the  given  equations  it  follows  that  a change  in  the  modulus 
cf  elasticity  of  liguid-air  mixture  (given  modulus  of  elasticity  of 
working  medium)  it  will  be  determined  with  the  previously  accepted 
assumption  in  essence  by  the  modulus  cf  elasticity  of  air. 


Thermal  conductivity  and  liquid  specific  heat. 


For  absorption  and  absorption  and  evacuation  from  the  hydraulic 
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system  of  the  heat,  which  is  isolated  ir  wcrk,  it  is  necessary  Mi  a* 
the  working  fluids  possess  the  determined  values  of  specific  n r an  i 
thermal  cond uctivit y . Specifically,  the  evacuation  of  neat  from  the 
places  of  its  f orma  tion/ed  teat  ion  in  hydraulic  system  in  many 
respects  depends  on  the  thermal  conductivity  c £ liquid. 


The  thermal  conductivity  cf  liquids  is  characterized  hy  *M~ 
amount  of  heat  which  passes  per  unit  time  past  the  unit  of  area  ,.f 
the  layer  of  liquid  as  thickness  in  the  unit  of  length.  In  actor  in 

with  this  the  unit  of  thermal  conductivity  k/  ( rr • K ) , kcal/  ; 

and  cal/  (cm»s»°C). 


For  the  majority  of  oi  1- produc  ts,  the  thermal  conductivity 
equal  approximately  (4.0-4. 8)  10"*  cal/cm»s«°C,  tor  water  - (1.  j-.1*.j 

10"3  cal/  (cm»s»°C). 


The  specific  heat  cf  working  fluids  whose  hearth  is  under stoo: 
the  amount  of  heat,  necessary  for  heating  the  unit,  of  mass  cn  1°C, 
determines  the  intensity  of  a.,  increase  in  the  temperature  in 
hydraulic  system. 
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For  the  widespread  working  fluids  ct  mineral  oripir,  opecif;. 
heat  in  temperature  range  0-100°C  on  the  average  is  -juul  to  a . . 
kcal/  (kg»°C)  . 


Pressure  of  saturated  steamr  of  liquids. 


Ihe  pressure  of  saturated  the  pait  of  liquid  ir  jail* 
establish/install  ed  in  the  closed  space  pleasure  jait,  * i* 
at  the  given  temperature  in  equilibrium  with  liqui;.  T1 
saturated  the  pair  cf  liquid  must  be  krevn  dutirj  th-*  . >1  • 
question  ccncerning  the  suitability  of  the  datum  or  1 1 i j:  • 

at  hiqh  temperatures,  and  also  tc  evaluate  cavitation  »: 
cf  hydraulic  system. 


The  evaporation  of  liquid  occurs  teth  trer  the  suite 
fermation  of  bubbles  the  pair  (boilings)  of  liquid  in  ill  ; • 
whereupon  unlike  the  surface  evaporaticr  cf  liquid  which  > 
any  tempeiature,  boiling  liquid  occurs  cnly  at  the  deter  Bir:>  : 
temperatures  at  which  pressure  the  pair  exceeds  external  pi*  > a-  . 
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This  pressure  causes  the  true  cavitaticr  which  begins  when  external 
pressure  becomes  below  the  pressure  of  saturated  fair.  At  in  the 
external  pressure  increase  the  boiling  point  it  increases,  a*  fall 
decreases,  whereupon  the  intensity  of  the  pressure  buildup  of 
pressure  of  vapor  the  higher,  the  higher  i^s  te xper at ure. 


The  pressure  of  saturated  the  pair  ct  homcqerieous  liquiis  (for 
example  water)  has  tor  each  trapetature  the  determine]  value.  u*  1 
in  lrcurd  dissolved  any  substance,  ther  as  a result  of  the 
interaction  or  the  molecules  ot  this  substance  and  solvent  is  ini* 
the  evaporation  ot  the  latter.  In  view  ct  this  unlKe  the  homo,*  ’ 
liquid  which  will  Lcil  at  constant  foi  this  pressure  tenpaM^u’  , * 

foiling  point  ot  complex  liquids  (mineral  oils,  etc.)  at  t h 1 . 
pressure  with  the  bcil-off  ct  light  constituents  is  raised,  nut  ♦ 
pressure  of  sat  uiated  steams  at  the  jiven  tssperatute  is  r*-'  i • . 
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Fig.  11.  Pressure  of  saturated  steams  of  the  widespread  mineral 


Key:  (1).  mm  Hg . (2).  Pressure  of  saturated  steams.  (J).  Indus' 

(4).  Temperature  of  oil. 


( Tennepamypa  nacm 


oil 


rial 
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Figure  11  gives  the  values  cf  the  pressure  of  saturated  steals 
of  some  types  of  the  mineral  oils,  which  are  applied  in  the  hydraulic 

systems  of  machines. 


Cavitation  of  liquids. 


Viith  the  question  examined  above  concerning  the  pressure  cf 
saturated  steams  of  liquid,  is  connected  the  phenomenon,  obtain  in 
practice  the  name  of  cavitation  hearth  by  which  is  understood  * he 
local  isolation  from  liquid  in  the  zones  cf  the  reduced  pressure  of 
the  vapors  of  liquid  and  gases  (effervescence  cf  liquid)  with  the 

subsequent  failure  (condensation)  steair  and  the  joining  of  gas 
bubbles  with  their  incidence/impingement  into  the  zone  of  elevated 
pressure. 


The  failure  of  bubbles  is  accompanied  by  the  local  hydraulic; 
micrctlcws  of  large  recurrence. 


Cavitation  disrupts  the  normal  mode  of  the  operation  cf 
hydraulic  system,  and  sometimes  it  exerts  destructive  action  on  itr 
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aggregate/units . Th€  destructive  effect  cf  cavitation  undergo  pin;.:, 
valves,  valves  and  other  hydroaggregates,  with  the  advent  of  a 
cavitation  in  pumps,  is  reduced  their  feed,  and  also  are  observed 
high-frequency  fluctuations  of  pressure  in  the  pressure  line  of  pu:rp 
and  impact  loads  on  the  parts,  which  are  powerful  to  cause  tneit 
premature  output/yield  from  system.  Furthermore,  occurs  the 

cavitation  failure  (corrosion)  of  the  surfaces  cf  parts  wi*h  <•  hr 
forma tion/education  on  them  of  characteristic  ulce ration/p  it ti ngs 
(surface  porosity). 


Up  to  now  there  is  no  strictly  substantiated  descriptions  o*  *. 
mechanism  of  the  cavitation  failure  of  the  parts  of  hydroa  gqr.'  p.- os. 
Is  most  widely  common  the  hypothesis,  according  to  which  this  failur 
in  essence  occurs  as  a result  high  by  the  recurrence  of  the  local 
hydraulic  and  thermal  shocks,  caused  by  the  collision  of  particles  o 
the  liguid  and  by  the  compression  of  gas  at  the  tor que/momen  t or  t re- 
joining of  steam-gas  bubbles,  which  are  found  i r.  direct  nearness  of 
the  walls  of  channel  (enclosing  surfaces). 


Schematically  the  mechanism  of  the  emergence  of  cavitation  and 
its  destructive  effect  is  reduced  to  the  following.  With  the 
appropriate  decompression  at  any  point  cf  fluid  flow,  boils  up 
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(occurs  its  discontinuity),  the  isolated  in  this  case  bubbles  the 
pair  and  of  gas  they  are  carried  alonq  by  flow  they  are  transferred 
to  the  range  of  higher  pressure  in  which  the  steam  bubbles  are 
condensed,  and  gas  are  compressed.  Since  the  process  of  the 
condensation  steam  and  the  compression  gas  bubbles  occurs  instantly 
the  particles  of  liquid  are  moved  to  their  centers  at  a high  spsr i, 
which  reaches  according  to  the  calculations  of  several  hundreds  of 
meters  with  second,  as  a result  the  kinetic  energy  of  the  colliding 
particles  causes  into  the  tcrg ue/ mcmen t of  the  joining  of  bubbles  t 
Iccal  hydraulic  microblo ws,  which  are  accompanied  by  the  excesses  c 
pressure  and  temperature  in  the  centers  of  bubbles  (according  to  fh 
calculations  of  the  temperature  in  place  the  joinings  of  bubble  cat 
reach  values  of  100 0- 1 500°C) . 
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Fig.  12.  Diagram  of  cavitation  device  for  the  stabilization  of  rlu 
flow  rate.  Fig.  13.  Curve,  that  cha rac te r i zes  the  stability  j 


ex penditure/ccnsum ption  through  the  cavitation  device. 
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in  such  a case,  when  the  processes  of  cavitation  flow/la.st  neat 
the  walls  of  the  enclosing  channels,  then  the  latter  will  undergo 
continuous  thermal  and  hydraulic  impacts  ( t cm  t a r d ments)  , which  caus' 
the  local  failures  of  walls.  Under  the  action  cf  the  high 
temperatures  in  the  presence  of  atmospheric  oxygen,  occurs  also  thr- 
active  oxidation  (corrosion)  enclosing  surfaces.  The  indicated 
percussion  of  particles  of  the  liquid  is  supplemented  by  effect  or 
the  metal  cf  electrolytic  processes. 


Methods  of  fight  with  cavitation  and  its  consequences.  The  basic 
method  of  fight  with  cavitation  is  the  maximum  reduction  in  the 
evacuation/rarefaction  in  the  zones  of  the  possible  cavitation,  which 
partially  can  be  reached  by  an  increase  in  the  ambient  pressure. 
Specifically,  the  fight  with  cavitaticr  in  the  suction  barrel  in 
essence  is  conducted  by  provision  during  the  suction  of  this  pressure 
which  capable  to  overcome  without  the  d iscc  r.t  i r uit  y of  fluid  flow 
hydraulic  losses  in  suction  line,  in  very  inlet  chamber,  including 
also  the  friction,  caused  by  inertia  of  liquid  in  these  main  lines. 


For  a reduction  in  the  destructive  effect  cn  the  part  cf  the 
aggregate/units  of  cavitation,  are  applied  stable  against  corrosion 
materials  (steels  with  the  addition  of  chrcmium  and  nickel)  and  the 
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coatings  of  the  parts,  cashed  Ly  the  cavitated  liquid.  As  a rule,  r Ei 
durability  of  materials  against  cavitation  failure  is  raised  with  a:, 
increase  in  their  mechanical  strength  (hardness)  and  in  the  cneirical 

(oxidizing)  durability,  the  fcetter/best  results  giving  the  materials 
in  which  are  combined  both  these  qualities.  Least  stable  are  the  cas 
iron  and  the  carbon  steel,  mere  stable  they  is  bronze  and  the 
stainless  steel.  Most  stable  of  the  knewn  materials  is  titanium. 


Practical  use  of  a cavitation.  Cavitation  frequently  is  utilize 
for  practical  t arget/pur  (cses.  Specifically,  it  is  utilized  in 
devices  (Fig.  12)  for  the  stabilization  of  fluid  flow  rate.  Device 

consists  of  throttle  washer  1,  which  gauges  consumption  of  liquid, 
and  axisymmetric  choke  needle  2,  employed  for  the  introduction  cf 

device  to  cavitation  operating  mode. 


With  decompression  of  p,N*  at  output/yield,  in  this  case  fict 
venturi  nozzle,  at  the  constant  pressure  of  p,x  at  the  inlet  into 
it  the  speed  of  fluid  flow  is  raised,  in  accordance  with  which 
pressure  in  the  narrowed  section  of  nozzle  is  reduced.  After  a 
reduction  in  this  pressure  to  the  value,  which  corresponds  the 
cavitation  onset  of  the  liquid,  the  latter  boils  up.  Since  the 
friction  of  nozzle  after  this  increases  prcfortional  to  the 
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cavitation  intensity,  which,  in  turn,  is  raised  with  an  increase  in 

the  pressure  differential,  the  nozzle  flow  after  the  emergence  of 
cavitation  is  stabilized,  being  retained  constant  independent  nr  a 
further  decompression  at  the  nozzle  outlet.  During  a decrease  j r this 
pressure,  only  is  expanded  the  zone  of  cavitation  on  diffuse  part, 
beginning  from  the  narrowed  section. 

Similar  cavitation  devices  (nozzle)  utilize  for  the 
stabilization  of  e x pen d it ure/ccnsu m pt ion  during  fluctuations  of 
pressure  at  output/yield.  They  provide  the  flcw-rate  control  of 
liquid  in  the  large  range  of  the  relations  cf  the 

expenditure/consumptions  (’>-10)  during  the  simultaneous  stabilization 
cf  expenditure/consumption  in  each  mode/conditicns. 

Eage  27. 

Figure  13  shows  curve  the  dependence  cf  the  adjustable 
expenditure/consumption  £ of  liquid  on  jump/drcp  in  the  pressure  cr 
nozzle  at  the  different  values  (from  10  to  30  kgf/cm2)  of  the 
pressure  of  at  inlet  and  the  pressure  of  the  pmx  at 


output/yield,  which  varies  from  0 to  the  input  (30  kgf/cm2). 
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Measurements  are  carried  out  with  fluid  flew  rate  from  500  to  4C  000 
ci3/s  at  the  pressures  of  p«  = 10;  2C;  25  and  30  kgf/cm?. 

From  curve/yraph  it  follows  that  the  fluid  flow  rate  was 
retained  constant  (coefficient  of  ex pe r d i t u re/c ensu mpti  on  m varied 
from  C . 96  to  0.97)  over  a wide  range  of  mode/ccnditions.  The 
distur tance/br eakdown  of  the  stabili2ed  e x p end i t ure/co nsum p* ion 
occurs  virtually  at  the  values  of  critical  pressure  at  the 
cutput/yield  of  the  ***  P«*  where  the  P«  - the  pressure  cf  flew 

at  the  nozzle  entry. 

Cavitation  effect  widely  is  utilized  for  cleaning  welding  :.caL 
and  different  contaminators  from  articles,  and  also  for  the  surface 
treatment  of  parts  (removal/taking  from  the  articles  of  scale  ard 
projecting  edges,  improvement  in  the  surfaces,  etc.)  which  is  react.*-  • 
because  of  cavitation  erosion. 

Eeing  applied  liyuids. 


In  the  hydraulic  systems  of  machines,  are  commonly  used  - h<- 
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working  fluids  of  mineral  origin  with  kinematic  viscosity  ir.  50°C 
approximately  10-150  c.  st.  In  the  hydraulic  systems  of  the-  machines, 
intended  for  a work  under  stable  temperature  conditions  at  pressures 
is  less  than  100  kgf/cm2,  are  commonly  used  oils  with  viscosity  20-u^ 
c.  st.  (at  50°C) , and  at  pressure  to  2CC  kgf/cm2,  they  are  commonly 
used  with  viscosity  40-60  c.  st.  In  the  hydraulic  systems  cf  presses 
with  pressure  500-600  kgf/cm2  viscosity  the  liquids  frequently  lead 
to  11C-150  c.  st. 

The  hydraulic  systems  of  many  machines  and  installations  work  it 
high  temperatures,  which  reach  300°C  and  above  with  which  mineral 
liquids  and  their  mixture  are  not  suitable  for  a work.  Better/bes* 
from  this  viewpoint  the  existing  mineral  liquids  are  suitable  for  a 
werk  at  temperature  not  above  150°C.  At  mere  hich  temperatures 
mineral  liquids  enter  into  a reaction  with  atmospheric  oxygen  and  are 
decompose/expanded  with  the  isolation  cf  solid  films  and  tarry 
residue/settlings,  which  are  powerful  to  upset  the  operation  of 
hydraulic  system.  Furthermore,  an  increase  in  the  temperature  is 
accompanied  by  an  increase  in  the  pressure  cf  saturated  steams  cr 
liquid,  which  contributes  to  the  emergence  cf  cavitation. 


In  view  of  this  for  a work  at  high  temperatures  (150°C  and 
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above)  it  is  possible  tc  apply  without  the  special  coolers  only  the 
high- te m pe rat ure  liquids,  most  widely  accepted  from  which  ar«  th<- 
synthetic  liquids,  in  particular  polysiloxane  ard  silicon,  which 
combine  in  themselves  both  h ig  h-  te  ir  pe  ra  t u re  and  lew- temperature 
properties.  In  practice  are  common  the  polysilexane  (silicone) 
liquids,  which  possess  satisfactory  te  it  pe  ra  tu  re- viscous 

characteristics  in  wide  temperature  range  and  differ  in  terms  cf 
mechanical  strength  and  stability  against  oxidation,  and  also  in 
terms  of  high  thermal  stability,  retaining  it  even  during  heating  in 
the  presence  of  atmospheric  oxygen.  In  contact  with  air,  they 
allow/assume  prolonged  heating  with  temperatures  to  250°C,  in 
enclosed  systems  without  air  inlet  of  their  it  is  possible  tc  lor.g 
utilize  at  temperature  tc  370°C. 


Simultaneously  these  liquids  allow/assume  the  work  of  hydraulic 
system  at  temperatures  - 6C°C  and  below. 

Furthermore,  they  possess  also  the  lew  pressure  of  saturated 

steams  value  of  which  at  temperature  of  6C°C  it  doe-s  not  exceei  1 mu 
Hg,  or  they  are  virtually  fire-resistant  and  preventing  the 
propagation  of  fire/light. 
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Deficiency/lacks  in  the  pclysilcxane  liquids  include  the 
that  they  dissolve  all  the  existing  plasticizers  of  synthetic 
rubbers.  Therefore  the  ferrules,  prepared  from  these  rubbers, 
for  brief  operating  time  brittle  and  are  cracked,  as  a result 
which  hydroaggregates  unavoidably  they  lose  airtightness. 


Fage  28. 


Furthermore,  polysiloxane  liquids  are  inferior  to  mineral  oil. 
according  to  the  antiabrasive  and  lubricating  qualities. 


Sometimes  of  applying  hydraulic  systems  of  temperature,  ♦ 

# 

reach  such  high  values,  that  is  eliminated  the  possibility  of 
applying  bcth  mineral  and  existing  synthetic  liquids.  In  vi^ 
fact  t hat  the  temperature  cf  the  work  cf  hydraulic  systems 
ccntinuously  are  raised,  premising  is  the  application/use  ar.  ♦ 
working  fluids  of  the  hydraulic  systems  of  liquid  metals  w it  n 
melting  point  which  are  utilized  at  present  as  beat-transfer 
in  nuclear  reactors  [7]. 
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M cst  promising  is  the  eutectic  alley,  which  consists  of  77c/o  or 
sodium  even  23o/o  of  potassium,  which  is  the  silver  metal,  similar  to 
mercury.  The  foint  of  its  melting  (eutectic  point)  is  equal  - 12°C 
and  boiling  (at  atmospheric  pressure)  850°C.  Eulk  modulus  at 
temperature  of  40°  is  equal  to  52  500  kgf/cm2  [7]. 


FLCW  CF  LIQUIDS  ON  CON D U IT/M AN 1 FOLDS  HYDRAULIC  SYSTEMS. 


Flow  of  liquid  along  the  conduit/mani f elds  of  hydraulic  system 
and  the  channels  of  its  a cgtega te/un its  is  accompanied  by  hydraulic 
losses  (losses  of  pressure  and  energy)  whose  values  depend,  other 
conditions  being  equal,  on  flow  conditions,  and  also  under  specific 
conditions  on  form,  size/dimensions  and  the  roughness  of 
conduit/ manifold. 

From  course  "hydraulics"  it  is  knewn  that  they  distinguish  twe 

flew  conditions  of  liquid  in  conduit/manifolds  [19]:  by  laminar, 
characteristic  laminar  flew  without  the  mixing  of  particles  and 
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pulsations  of  velocity,  and  turbulent,  that  is  accompanied  by  the. 
intense  mixing  of  particles  of  the  liquid  and  by  the  pulsations  of. 
velocities.  Transition  from  the  laminar  tc  turbulent  mode/cond i t ions 
begins  under  certain  conditions,  characterized  by  Reynolds'  number 
(criterion)  by  Re,  which  are  the  dimensionless  quantity,  which 
relates  the  average  tor  section  speed  of  fluid  flow  u,  diameter  d of 
the  section  of  conduit/marifold  (linear  dimension  of  channel)  ar.u  M.  ■ 
kinematic  modulus  of  viscosity  of  the  liquid  cf  v. 

In  application  to  the  motion  of  liquid  in  the  conduit/manifolds 
cf  round  cross-section,  this  criterion  takes  the  form 

Re  = 4-  (11) 


In  the  conduit/manifolds  (channels)  cf  ncncircular  and  ring 


cr css-sections 
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where  r = F/  - the  hydraulic  radius  of  the  section  of  flow,  which  is 
the  relation  of  area  F of  the  section  of  flew  tc  wetted  perimeter  X- 


For  a ring  duct  (slot) 


r 


where  ri  and  r2  are  external  and  inside  radiuses  of  slot. 


To  the  torque/ moment  of  the  transition  of  stream-line  conditions 
to  turbulent  and  back  correspond  in  these  conditions  deter  mins j re; 
with  Re  less  than  critical  - flow  laminar,  with  Re  more  critical  - 
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turbulent.  To  the  stream-line  conditions  of  flew  of  liquid  in  tt.e 
hydraulically  smooth  metal  tubes  of  round  cross-section  corresponds 
to  Fe  ^ 2200-2300,  turbulent  - Re  22C0-23C0. 


1 
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Eage  29. 

Calculation  of  losses  of  pressure  during  flew  cf  liquid  in 
cc  rd  ui t/ma  nif  old . 


The  stream-line  conditions  of  flow.  The  less  of  pressure  A:  c: 
the  cylindrical  linear  segment  of  conduit/man if cld , caused  h v the 
frictional  resistance  of  liquid*  is  calculated  during  the  st rea m-l in- 
conditions  of  flow  (Re  < 2300)  from  the  knewn  formulas,  obtained  Icon 


W 
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the  equation  c£  Poiseuille  [19]: 


Ap  = Px-p,  = 32-^; 

. 128  L „ 128  L ^ 

= ~ ■ -#  & = -IT  VP  -&  Q = 


(12) 


where  px  and  p2  are  pressures  in  the  beginning  and  at  the  end  cf  the 
cut  cf  conduit/manifold;  p and  v are  dynamic  and  kinematic 
viscosity  of  liquid;  p - the  density  of  liquid;  L and  d - length  and 
the  diameter  of  the  internal  section  of  the  cut  of  conduit/manifold 
in  question;  Q and  u - the  average  values  cf  e x pend  it ur e/c cnsu m j t ion 
and  velocity  of  liquid  in  c end uit/mani f cld  ; /?,  = — — vp  — are 

hydraulic  plumbing  friction  during  laminar  flew  of  liquid. 


The  given  equations  are  valid  for  the  conduit/manifolds  of  this 
length  at  which  it  is  possible  to  disregard  velccity  pressure  ( • nt  r y 
loss)  in  comparison  with  losses  of  pressure  on  friction- 


the  diameter  of  the  section  ot  conduit/manifold,  more  preferable  to 
use  the  expressions,  obtained  by  the  transformation  of  ex  prescicr 

(12)  : 


ECC  = 77030109  PAGE 

ccnd  u i t/nia  nif  old. 


In  certain  cases  it  is  represented  advisable  to  deteririn'-'  loss 
ct  head  in  the  units  of  length 


cr  taking  into  account  the  preceding/previcus  expression 


d ' 


Q* 

W*  • 


(15) 


Curing  flow  of  liquid  in  cond  uit/iran  if  cl  ds  , appears  also  the 
supplementary  resistance,  caused  by  contraction  and  tne  other 
distortions  of  the  cylindricity  of  the  section  of  duct,  and  also  by 
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cooling  the  layers  of  liquid  (being  contacted  kith  the  walls  of 
duct),  that  are  accompanied  by  an  increase  in  the  viscosity  o;  ♦hese 
layers  as  compared  with  the  average  viscosity  ever  the  section  or  tie- 
duct  which  enters  into  the  calculation  during  the  deter  mi  it  at  io  n of 
viscosity.  Taking  into  account  these  factors  X during  practical 
calculations  of  ducts,  one  should  calculate  for  the  stream-line 
conditions  of  the  flow: 


Fage  30. 

Turbulent  flow  conditions.  Turbulent,  flow  conditions  of  liquid 
in  the  channel  (conduit/manifold)  cf  ccrstart  section  is  accompanied 

by  the  dissipation  cf  kinetic  energy  as  a result  of  the  random 
novement  of  particles  of  the  liquid. 
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The  losses  of  pressure  in  conduit/manifold  duriny  stationary 
turbulent  flow  (Re  > 2300)  are  deternired  from  formula  [see  also 

formula  (14)] 

Ap  = px  — = (16) 


where  Ar  - loss  factor  of  turbulent  flow,  depending  on  Pe  a r,  : 
the  relative  roughness  of  the  internal  surface  cf  conduit/manifold; 
for  a hydraulically  smooth  conduit/manifold  this  coefficient  usually 
is  calculated  for  conditions  2300  < Re  < 8000  fcr  the  semi -r at  ion  a 1 
formula  cf  Blasius  [6] 
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I 

By  hydraulically  smooth  pipe  it  is  accepted  to  count  this  duct 
in  which  the  projections  (roughness)  are  hidder  in  thicker  than  the. 
laminar  boundary  layer  of  liquid  of  walls.  In  view  of  the  fact  that 

with  increase  in  Re  the  thickness  of  this  layer  decreases,  the 
projections  of  the  roughness  of  duct  with  krowr  Re  can  be  tared,  as  a 
result  the  duct  will  step  tc  be  hydraulically  smooth,  and  t0  t- he 
coefficient  of  the  losses  of  Ar  will  have  an  effect  the  surface 
roughness  of  the  walls  cf  ccnd uit/ma ni f c Id  [7], 

Drawn  tubes  of  steel,  brass  and  copper  it  is  possible  to 


assume/take  hydraulically  smooth  on  all  range  Re,  possible  in  tl 
hydraulic  systems  in  question. 
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For  smooth  drawn  tubes  it  is  possible  with  sufficient 
accuracy/precision  to  assume/take  during  practical  calculation 


Kr  = 0,025. 


After  designating  by 


Rt  — Xj. 


Lp 


formula  (16)  let  us  rewrite  in  general  forir 


\p  = RtQ*  < 


where  RT  is  hydraulic  plumbing  fricticn  during  turbulent  flow 


conditions. 
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Hydraulic  conductivity. 


In  practice  during  calculations  and  investigations,  frequently 
they  use  the  concept  of  the  hydraulic  conductivity  K whose  hearth 

understands  the  value,  reciprocal  to  the  hydraulic  resistance  ?: 


K 


(18) 


For  the  stream-line  conditions  of  flew  in  condu it/aan i t ol is, 
hydraulic  conductivity  is  expressed  according  to  equation  (1/.) 


Q = K,  Ap. 
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Local  hydraulic  losses. 


The  local  hydraulic  losses  are  called  pressure  drops  across  th< 
overcoming  of  resistance  during  flew  cf  liquid  through  the 
cell/elements  of  hydroaggregates  and  accessories  (through  the  local 
resistance) . 


Losses  of  pressure  in  the  local  resistance  are  expressed  in  th 
pcrticn/f ractions  of  velocity  pressure  and  are  computed  in  the 
general  case  according  tc  formulas  [6] 


Ap  = Pi  — P%  = t 


“ 2P  . ah-  = i — 

2 ' p g ^ 2g 


(19) 


where  Ap  and  AH  - the  less  of  pressure  and  pressure  head;  5 is  a 
coefficient  of  the  local  resistance;  u2p/2  and  u2/2g  ate  velocity 

pressure  and  velocity  head  cf  flow;  here  u is  the  average  over 
section  of  flow  velocity  of  liquid  at  cutput/yield  trom  resistance. 


■ 
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Coef f ic ient 


£ = 


AH 


uJ/2g 


Ap 

u^p/2  ’ 


being  the  ratio  ot  pressure  head  AH  to  velocity  head  u?/2g,  ol  losses 
c t pressure  Ap  to  velocity  pressure  u 2p/2,  shews,  what  part  of 
velocity  head  or  velocity  pressure  is  expena/ccrsumed  on  the 
overcoming  of  this  local  resistance. 


During  calculations  of  hydraulic  systems,  they  use  the 
experimental  data  on  coefficients  Q , determined  by  means  of  th' 
spills  of  concrete/specific/actual  hy  d t ca  gg  re  ga  te  s [71* 


Sudden  expansion  and  the  contraction  of  channel 
(ccnd  uit/manif  old ) . For  practical  calculations  cf  hydraulic  ay  s'-'-ip. 
great  significance  they  have  calculations  cf  losses  with  sudden 
expansion  and  the  contraction  of  conduit/mani  f c Ids.  Specifically, 
conditions,  which  correspond  to  the  sudden  expansion  of  channel, 
occur  during  the  input/introduction  of  liquid  from  duct  into 
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actuating  cylinders,  pneudraulic  storage  ba tt er y/accu mu lat or s, 
filters  and  other  tanks. 


During  the  sudden  expa ision  of  channel  (Fig.  14)  the  flow  o: 
liguid  is  characterized  by  the  gradual  expansion  cf  liquid  jet,  wr.ich 
is  accompanied  by  deceleration  of  its  flow  and  by  the  loss  of 
pressure  and  energy,  which  proceeds  in  essence  as  a result  cf  vc ra 
formation  after  having  emerged  of  jet  frcm  the  draft  of  the  channel. 


The  less  of  pressure  head  with  the  sudden  expansion  of 
conduit/manifold  is  equal  to  velocity  head,  calculated  from  the  lost 

velocity  (borda  - Karno's  theorem)  : 


A//  = -(u>  7g—>  A°  = A//p£, 


where  ux  and  u2  are  the  average  speed  it  the  cend uit/mani f ol d of 
small  (before  expansion)  and  large  (after  expansion)  cross  sections. 
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Taking  into  account  the  equation  cf  the  constancy  of 
expenditure/consumptions  (utfi  = u2f2)  the  last/latter  eguatior  it 

possible  tc  present  in  the  form 


A//  = 


2 


cr 


where  f , = nd2 X/U  - the  section  of  the  ccnduit/manif old  of  tho  sma 
diameter  d,  (before  expansion);  f2  = »rd22  - the  section  of 
large-diameter  conduit/manifold  D2  (after  expansion. 
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Fig.  14.  sudden  expansion  ct  channel. 


Fig.  15.  Sudden  contraction  of  channel. 


L 


coc 
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During  discharge  from  the  ccnd  u it/ ira  n i i o 1 d of  a small  section 
into  ccnduit/manif  old  with  relatively  larger  cress  section  (cylinder, 
etc.)  u 2 is  practically  egual  to  zero,  in  accordance  with  which  the 
less  cf  head  and  pressure 


or 


With  the  sudden  contraction  of  channel  (Fig-  1^)  hydraulic 
losses  are  caused  in  essence  by  friction  and  strain  (corapr essi c r ) cf 
flew  upon  the  entrance  into  narrow  chancel  and  partially  by  vort.  x 
formation  during  flow  expansion  after  its  compression. 


Ihe  less  of  head  and  pressure  with  the  contraction  of  channel 
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4«-c4;  v-t*. 


where  £ is  a drag  coefficiert  (with  the  large  contraction  of  C,  = 

C.5)  . 


Discharge  through  the  opening/aperture  in  fine/thin  wall.  In 
hydroaggregates,  and  also  ir  measuring  meters  is  common  the  local 
resistance  in  the  fcrm  of  opening/aperture  (or  slot)  in  fine/thir 

wall . 


By  fine/thin  is  understood  this  wall,  wit!  which  the  discharging 
jet  is  contacted  only  with  the  sharp  edge  cf  cpening/aperturo,  turned 

inside  container,  and  it  clear  the  lateral  surface  of 
opening/aperture,  which  corresponds  to  the  complete  compression  o' 
jet  [6].  Experience/experiment  shows  that  the  length  of  the  sec-ici 

on  which  occurs  the  compression  of  jet,  car  be  under  specific 
conditions  equal  to  0.5  diameters  of  o pen i n g/a per t ur° , and 


COC  = 77030109 


PAGE  I 2 1 


I 


consequently,  in  order  to  avoid  the  contact  of  jet  against  the 
surface  of  opening/aperture,  thickness  s of  wall  (length  of 
cpening/apert ure)  it  must  he  not  more  than  its  diameter  d. 

Ihe  length  of  cpening/aper tur e s can  he  decreased  without  ttn 
disturtance/treakdown  in  this  case  of  the  hardness  of  wall  down  to 
any  small  path  length  of  the  execution  cf  the  edge  of 
cpening/apert ure  by  the  schematic,  given  in  Fig-  Iba. 

Frcm  course  "hydraulics"  [19]  is  known  that  jump/drop  in  the 
pressures  Ap  and  expenditure/ccnsumpticr,  C cf  the  liquid  through  the 
epeni ng/aper t ure  in  question  are  connected  ty  equation 


where  p is  a coefficient  of  ex pendi ture/cc nsu m j tion ; f - t ho  area  of 
the  section  cf  opening/aperture;  ih  = V-  P are  t.h<  ealeu  la  t <.  ( * ■' 

theoretical)  speed  of  fluid  flow;  p - the  density  of  liquid. 
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Edge  33. 


Fig.  17.  Dependence  of  the  coefficient  cf  the  expenditiire/cons’inw  t 
for  a round  ope nin g/apertu r e in  fine/thin  nail  vith  sharp  ejq.-*.s 
Fe 


COC  = 77030109 


PAGE  2% ) 7 3 


The  coefficient  of  expenditure/ccnsumpticn  is  equal  to  th<~ 
product  of  the  p = <p«.  where  * and  e - coefficients  with  respecT 
to  speed  and  the  compression  of  jet  in  its  cutput/yield  from 
cpeni  ng/apert  ure. 

Velocity  coefficient: 


where  « <ur  — 
braking  layers  of 


are 


are  actual  speed  of  liquid  taking  into  account 
the  edge  cf  opening/aperture;  uT  = V 2gH  or 
the  ideal  exhaust  velocity  cf  ideal  fluid. 


During  the  escape  of  the  low- visccsit y liquids  through  the-  icund 
epening/aperture  in  fine/thin  wall  with  sharp  edges  it  is  possitlc  to 

assume/take  <t>  = 0.  97-0.98. 


The  contraction  coefficient  of  jet 
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where  /c  </ 


- sectional  area  flowing  its  narrow  (compressed) 


place;  f is  a sectional  area  of  opening/aperture. 


The  compression  of  jet  is  caused  ty  the  fact  that  the  particles 

cf  liquid  approach  the  opening/apertu re  along  curved  paths.  Because 
of  this  the  jet  during  discharge  frcm  c pen  ing/ a per  t. ur e blows  away  a* 

input  sharp  edge  from  wall  and  at  certain  distarce  from  it  is 
compressed,  as  a result  of  which  the  sectional  area  of  jet  in  its. 
narrow  section  is  less  than  the  sectional  area  cf  opening/aperture. 


During  the  turbulent  mode/conditicns  cf  the  escape  of 
low- viscosity  liquids  (v  = 10-60  c.  st.  ; Re  > 50)  from  the  round 
cpening/aperture  of  small  section  the  ccntracticn  coefficient  cf  jet 
it  is  possible  to  accept  fcr  the  approximate  computations  by 
constant:  e = 0,64. 
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In  accordance  with  this  the  coefficient  cf 
expenditure/ccnsum ption  ior  these  widespreac  values  «>  and  an  e 1 
is  possible  to  accept  equal  P = <pe  <=»  0,62. 

Ibis  value  it  can  be  recommended  during  practical  calculi*  ior.; 
of  the  widespread  mode/cond iticns  cf  the  discharge  through 
cpening/apertures  in  fine/thin  wall  with  sharp  edges.  The  precis* 
value  of  the  coefficient  of  ex p end i t ure/c cn su m f ti  on  m for 
ccncrete/specific/ actual  opening/aperture  and  Be  is  determin-u  hv 
spills  from  formula 


P 


_Q_ 

Qr 


where  q - the  measured  fluid  flow  rate  through  the  open rn g/a pe r t u i < 
Qt  are  the  theoretical  flow  rate,  calculated  according  tc 


expression 


1 
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Figure  17  gives  the  experimental  ccrve/graph  of  the  dependence 
cf  the  coefficient  cf  expenditure/consumpticn  p for  a round 
cpening/aperture  with  sharp  edges  on  Re.  The  observing  hero  shat: 
increase  in  the  coefficient  p of  small  Fe  (Re  < 10C)  is  caused  by 

growth  of  velocity  coefficient  <t>.  In  this  zone  Fe,  the  role  of 
viscosity  is  so  great  and  braking  the  speed  of  flow  of  the  edges  of 

cpening/aperture  so  considerably,  that  the  compression  of  jet 
practically  is  absent  (e  <=»  1),  in  accordance  with  which  the 
coefficient  p is  raised  approximately  propcrticral  to  increase  cf  ^e. 
Certain  fall  p,  beginning  with  Re  > 50C  to  Re  = 10s,  is  caused  by 
decrease  with  these  Re  cf  contraction  ccefficiert  e. 
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During  execution  on  the  entering  edges  of  facets  or  roundings 
with  the  relative  depth  h/d  = 0. 2-0-4,  where  d and  h - diamet-r  and 
the  height/altitude  of  facet,  the  coefficient  cf 

expenditure/consumption  of  Re  >100  is  raised  tc  p ^0.8.  With  the 
rcunding  of  entering  edges  with  a radius  cf  r.^  d even  80  < Re  < 

2 • 1 0 * the  compression  of  jet  practically  is  removed,  in  view  of  which 
the  coefficient  of  expenditure/consumption  is  raised  to  m ^ 0.9r. 


The  blunting  (rounding)  of  the  edq«s  cf  c ) en  ing/a pert  ur  t car, 
occur  as  a result  of  their  wear  in  operation. 


The  coefficient  of  expenditure/consumption  through  the  diaphragm 
actually  does  net  depend  on  that,  does  occur  discharge  from 
opening/aperture  into  the  atmosphere  (unflccded  opening/aper t u r • ) or 
into  the  space,  filled  by  liquid  (flooded  opening/aperture)  under 
atmospheric  pressure. 


The  giver  value  of  coefficient  p is  correct  only  for  the  ideal 
compression  cf  jet,  which  occurs  when  c pen i ng /a  per t ure  is  located  or 
this  distance  from  side  walls  of  contairer  (ccrduit/man if o Id)  tha* 
the  latter  do  not  affect  the  character  cf  the  formation  of  jet  an a. 
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consequently,  also  on  the  character  of  discharge.  Practically  t he 
compression  of  jet  will  be  ideal,  it  distance  from  the  walls  of 
container  to  opening/aperture  the  not  less  trifle  diameter  of 

cpening/apert ure.  With  the  less  distance  of  wall,  partially  guide- 
liquid  jet  with  approach  to  epen in g/a pe r t u r e,  ir  view  of  which  it  is 
compressed  to  a lesser  degree,  than  during  discharge  from  the 
reservoir  of  the  unlimited  size/dimensiens.  As  a result  of  this,  tie 
contraction  coefficient  and,  consequently,  alsc  the  coefficient  cf 
expen diture/consumpticn  are  raised. 


For  the  widespread  in  practice  case  cf  the  installation  of 
throttle  diaphragm  in  the  duct  of  flow-meter  device  (see  Fig.  1f>t) 
the  fluid  flew  rate  through  the  diaphragm 


where  D and  d - the  diameters  of  the  section  cf  duct,  and  choke 
epening/a pert ure  in  diaphragm;  Ap  and  p - the  pressure  differen+ial 
of  liquid  and  its  density. 


EOC 


77030109 


PAGE  X/7,0 


Flow  of  liquid  through  nozzles.  Cap/fillirgs  are  called  stul 
duals  with  the  constant  or  being  changed  secticr  along  the  length. 
Cap/fillings  are  applied  in  hydraulic  systems,  wh«n  it  is  rrguir<  i to 
ensure  the  required  energy  system  performances  cr  to  snape  accord  ir.g 
to  the  assigned  law  the  jet  of  the  esca  pe/e  r.s  u i rg  of  nozzle  liquid. 

In  practice  are  common  the  external  cylindrical  nozzles  or 
nozzles,  which  emerge  from  reservoir  outside  (Venturi's  nozzle), 
shewn  in  Fig.  18a  and  Fig.  16c.  With  s/d  > z.5-3  compression  of  jot. 
at  output/yield  from  nozzle  is  absent,  i.e.:  £- / (jet  concerns  the 

trailing  edges  of  epening/aperture) , ar.a  ccr.sec  tent  ly,  the  aia  meter 
cf  jet  cross-sectional  area  is  equal  to  the  diameter  of 
epening/aperture,  in  accordance  with  which  p = t.  However,  in  this 

case  the  speed  of  fluid  flew  somewhat  decreases  as  a result  of  the 
action  of  viscous  drag,  in  view  of  which  the  coefficient  * will  he 

less  than  of  the  discharge  through  the  epening/aperture  in  diaphragm; 
furthermore,  the  coefficient  <t  of  this  length  cf  nozzle  will  sem-wre’- 
depend  on  Re. 


Page  35. 
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Practically  the  values  ot  coefficients  y and  <t>  in  the  case  of 
low-viscosity  liquids  can  he  assume/ta ken  fer  nozzles  equal  to  M = v 
= 0.82.  Consequently,  fluid  flow  rate  through  the  external 
cylindrical  nozzle  exceeds  the  ex  pend  i t ure/cons  um  p t ion  through  the 
epeni ng/apert ure  of  the  same  diameter  in  fine/thin  wall  by 
approximately  30o/o. 

During  an  increase  in  the  jump/drep  in  the  nczzle  pressure,  th" 
expenditure/ccnsum ption  through  it  increases,  and  pressure  in  the 

contracted  section  of  jet  is  reduced.  However,  upon  reaching  of 
certain  jump/drop  and  respectively  certain  pressure  by  which  appears 
the  cavitation  of  liquid,  e xpend  it  ure/ccnsu  irpt  i cn  through  the  nozzle 
is  stabilized  and  a further  increase  in  the  pressure  differential  it 
dees  net  produce  an  increase  in  the  expenditure. 

Ihe  role  cap/filling  in  the  hydraulic  systems  cf  machines 
usually  makes  opening/apertures  in  the  thick  walls  of  h ydroagg reoates 
(see  Fig.  16c),  it  wall  thickness  is  greater  than  diameter  d of 
opening/aperture  2.5-3  times- 
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Examined/considered  cylindrical  nasadck  (ci  respectively 

opening/aperture  in  the  wall  of  the  housing  of  h yd rga yg reg a t e)  can 
improved  by  means  of  the  rounding  of  entering  edge  (see  Fig.-  1~c), 
whereupon  with  an  increase  in  the  rounding  the  coefficient  of 
expenditure  is  raised.  But  if  we  outline  nczzle  on  the  duct  of  ‘•he 
surface  of  the  jet,  which  esca  pe/ensues  into  open ing/apert ure,  -h^i 
the  compression  of  jet  will  come  to  the  minimum.  Similar  nasadok, 
called  taper,  provides  the  coefficient  cf  e xpe n di tu re/con s u mpt ici  , 
the  close  to  unity,  and  the  stable  operation  cf  discharge. 


As  a result  of  complexity  the  executions  cf  taper  nozzle 
configuration  in  practice  replace  by  ccnf ig ura t ion  on  the  frioni  of 
circle  (see  Fig.  16d),  whereupon  in  the  limit  when  radius  i of  the 
curvature  of  entering  edge  is  equal  to  thickness  s of  wall,  similar 
cylindrical  nasadok  practically  is  converted  into  taper. 

The  values  of  coefficients  p and  * in  the  case  of  the  smooth 
rcunding  of  entering  edges  can  be  assume/taken  depending  or.  Be  e.ual 
to:  p = * - 0.98  - 0.96,  whereupon  tc  higher  Be  correspond  *n<’ 


Are  applied  also  the  nozzles,  which  enter  inside  reservoir 
(Borda  mouthpiece,  see  Fig.  18fc)  . Flew  cf  liquid  in  this  nozzl-?  is 
analogous  with  flow  in  external  nozzle;  however,  the  conditions  of 
the  entrance  ot  liquid  are  somewhat  deteriorated  as  a result  of  the 
large  curvature  of  the  bending  of  flew  lines;  therefore  the 
coefficient  cf  the  expenditure/consumption  cf  this  nozzle  less  ( m 

C.12),  than  external  nozzle. 

In  the  hydraulic  systems  of  machines,  are  applied  both  nozzles 
cf  Venturi  and  the  Borda  mouthpieces,  specifically,  the  Borda 
mouthpieces  are  applied  in  the  partition  devices  of  the  tanks  cf  tl- 
hydraulic  systems  in  which  for  the  elimination  cf  the 
incidence/impingement  into  the  partition  branch  of  mechanical 
particles  with  high  density  is  provided  for  certain  unproduced  volume 
cf  liquid. 

Besides  cylindrical  external  nozzles  they  are  applied  the 


conical  convergent  (converging  nczzle  sections.  Fig.  13d)  ar.d 
divergent  (exit  cone/diffusers.  Fig-  1£e)  cap/fillings.  The 
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convergent  cap/fillings,  which  ensure  the  nininum  losses  of  pressure, 
will  find  use  in  hydraulic  boosters  of  the  type  "jet  pipe",  and  also 
in  technology  for  the  formation  of  fire  ard  monitoring  jets  and  etc. 


From  the  viewpoint  of  the  provision  fee  the  smallest  losses  of 
pressure  and  savings  of  power,  the  best  results  provide  the  taper 
convergent  nozzles  (see  Fig.  ltd  and  1£f).  The  coefficient  of  the 
expenditure/consumption  of  these  nozzles  depends  cn  the  angle  j,  witts 
increase  in  which  it  is  raised,  reaching  at  a = 45°  value  p = 

C. 96- C. 98 . 


The  divergent  cap/fillings  (see  Fig.  1£e)  they  ace  applied  when 
it  is  required  to  obtain  large  expenditure/consumptions  with  snail 
jump/dreps  in  pressure  and  section  cf  channel.  Furthermore,  they  at- 
applied,  when  it  is  required  to  convert  the  kinetic  energy  of  flew 
into  the  energy  of  piezemet r ic  pressure,  which  is  required,  for 
example,  in  ejectors,  exit  ccne/dif fusers,  etc- 
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Fig.  19.  Compounds  of  the  local  resistance:  a)  consecutive;  t) 
parallel. 
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Anqle  of  taper  a cap/filliny  is  usually  eyual  tc  14°.  At  hiqher 
anyles  is  feasible  the  tlow  breakaway  of  liyuid  fio®  the  walls  ct 
nozzle,  as  a result  of  which  the  expenditure/ccr, sumption  decrease:,. 


Hydraulic  conductivity  of  the  local  resistance.  Fluid  tlow  r<i* 
throuyh  the  local  hydraulic  resistance  frequently  also  is  expressed 
as  the  hydraulic  conductivity  of  flow  area. 


On  the  basis  of  equation  (20)  we  can  write  (correction  for  a 
difference  in  the  velocity  pressures  in  control  points  we  disreqaid) 


Q = -£-V*ps*KaVT$, 


(21) 


where  R»  = - the  hydraulic  resistance  of  the  local 

resistance;  KM  — \if  j/'.-f-  are  hydraulic  conductivity  of  the  local 
resistance  (hydraulic  eleaent  in  question);  P = -~=-  and  c,  ar<- 
coefficients  of  ex pendit u re/consum pt ion  and  resistance. 
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Calculation  of  the  compounds  of  the  local  resistance,  with 
laminar  flow  the  hydrobends  are  calculated  ty  analogously  to 
electrical  circuits. 

In  the  case  of  series  connection  and  resistance,  the  fluii  flow 
rate  is  retained  on  all  sections  by  consta  nt/ i r var  iable  (Q  = con*)# 
and  less  of  pressure  on  these  sections  they  ate  summarized,  i.e.,  the 
equivalent  hydraulic  resistance  of  several  successive  resistance  of 
Rt  equal  to  the  sum  of  these  resistance  (Fig.  19a). 

For  the  stream-line  conditions  of  flow  these  losses 

/**/! 

= Jj  \pit 


where  A pt  - less  of  pressure  in  cne  resistance. 

A characteristic  example  of  the  tandem  arrangement  of  res  ist a r.ce 


is  the  multiple-disk  (package)  t hr ett le/c he ke  (see  Fig.  77b). 
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With  turbulent  flow  taking  into  account  the  equality  o£ 

A Pi  - Rtf1  the  expression  for  losses  cf  pressure  during  series 
connection  n of  resistance  takes  the  fcrro 

l—n 

&p»Kt.  t — QLRiKt = Q*  S Rt> 

<-=  i 


where  Rtlu  = E R,  ~ equivalent  hydraulic  resistance. 

i*l  ' 

Page  37. 

After  introducing  by  ar.alcgy  with  equation  (1H)  the  concur*  ot 
the  equivalent  hydraulic  conductivity  cf  /(,„  = \if  a series  cf 

the  series-connected  resistance  and  taking  intc  account  that 
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hydraulic  losses  for  turbulent  flow  conditions  can  be  present1!  in 
the  fern 


l—n 

&P*U.  T — ^Pi  ~ ' 

<-l 


where 


=-rr  + -^r  + TT  + *'-  +TT- 
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After  using  the  last/latter  dependence  to  package  diaphragm 
(quadratic)  thrott  le/chcke  (see  Fig-  77fc)  , we  kill  obtain  (losses  a 
friction  in  the  chambers  of  the  housing  of  thrctt le/choke  we 
disregard) 


/=f* 


where  r.  - the  amount  of  throttling  washers  in  package;  K,  — \ift  n 
- the  hydraulic  conductivity  of  one  washer;  = [ifm  VJ 
equivalent  hydraulic  conductivity  of  the  t hrott le/choke,  which  is  at 
one  washer  the  area  of  the  /»>  less  of  pressure  on  which  with  th- 
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same  expend  it ute/consu m ft icr  are  equal  tc  lessee  in  package 
throttle/choke  of  several  washers  to  the  area  cf  it  each. 


Cn  the  basis  of  resulting  expressions 


ft  — ftiuV'fl. 


consequently*  the  total  area  of  the  throttling  ope ni n g/a p»i t u re 
in  the  washers  of  package  throttle/choke  will  te  with  the  saint 
expenditure/consumption  intc  the  Yn  cf  times  more  than  the  ai<  t o 
the  c pening/apert ure  of  single-disk  thrett le/chcke.  For  example,  - U 
area  cf  opening/apertures  in  nine-disk  throttle/choke  will  bt  • * i 

mere,  under  otherwise  equal  conditions,  the  area  cf  the 
epening/aper ture  of  single-disk  thrott le/chcke  . 


Taking  into  account  the  given  expenditure/consumption  of  : k > i 


thrett le/chcke 


Q = Pn/,  Y^VAp, 
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«here  ft„  is  an  equivalent  coefficient  of  the 

expenditure/consumption  of  package  thrcttle/c hcke . 

During  parallel  connection  of  hydraulic  resistance  (Fig.  19b) 
the  pressure  differentials,  characterizing  the  hydraulic  losses  ir. 
branchings  off,  in  each  branch  identical.  Expenditure/consurapt  icr.s 
through  each  of  resistance,  in  each  branch  identical. 
Expenditure/ccnsum ptions  through  each  cf  the  resistance  direct  lv 
proportional  to  the  area  of  choke  channels  or  inversely  proporticr.il 
to  their  resistance,  and  the  total  expenditure/consumption  thrcuo! 
all  the  local  resistance  is  composed  of  the  ex  pend iture/consum f tier; 
in  separate  branchings  off  (conductivities  are  added).  This 
expenditure/consumption  Q less  of  pressure  £p  with  turbulent  flew 

.. 

Ap  — Pi  — Pt  = const. 
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Losses  during  flow  in  main  lines.  ExF^essicn  for  the  calculation 
cf  the  total  hydraulic  losses  in  the  main  line,  which  consists  cf 
conduit/manifolds  and  the  lccal  resistance,  car  be  written  ir.  the 

fciw 
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2 * - 
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FACE  •Wj  u/y 

After  presenting  the  total  drag  coefficient  cf  an  entire  main 
line  in  the  form 


we  find  the  permissible  average  speed  cf  flew  u in  main  line  taking 
this  into  account  of  the  coefficient: 

“=VW-  ; 

where  Ap  are  the  permissible  (assigned  by  technical  documentation) 
losses  cf  pressure  in  main  line. 

Eractically  they  allcw/assume  for  the  widespread  hydraulic 
systems  with  operating  pressure  150-200  kgf/cm?  Ap  = 2-6  kgf/cT?;  a - 
10  m/s  (for  pressure  and  drainage  lines). 


Faqes 

Flow  of  li.ui'i  i:.  narrow  (ca{  illary)  Channels  (slots)  . 1 •*  1 ■ 

liquid  iii  c i i 1 1 la  t y cl  anric-l  r is  ot  practical  interest  in  conn.  :t  ioi 
with  the  . >luti on  of  (.coble as  ii  the  packi nq/ st  al s of 
h y d r oa  ■ j j l * -,<j  a t - . , „ 

Ij.  </  i < • w or  t.  n « f t hat  the  cloaianci?  is  measure!  in 
micro  flu  t-  : How  condition.-,  of  liquid  in  it  preiorainan-ly  latiran 
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th«teior»-  the  calcu  Lit  ioi.c  of  friction  ir  i expcniiture/cot.sum:.*  i or. 
usual  1\  product-  ‘t.f’J-  i vt-n  or.  tat  basis  of  thu  condition  of  * 

1 a n i n a r i t y ot  flow. 


It.-  action  of  .aia.il  a t oli  t qarknts  is  based  v.  physical 
fLcpf-  r ’ n . ot  1 i j u i - 1 -v  * o if-  - i ^ t to  t it  t flow  w host-  v a i J :-  is  : ; - ‘ : ...  i i < : 

that  «* hi*.:;,  was  civ-or  * .-.or  fornula  (4)  ] oy  tan  dependence  or  t.. 

Newton  accordii.  j to  wl,  ich  shf-arinq  stL<-£S  ret  ween  two  layers  > ' 
laminae  flow  . ropor*  l on  a i to  the  velocity  gradient  of  velocity  ulon't 
standau  to  ti.--  axi-/ixis  of  lJow. 


Ir.  fij.  20  a ind  t is  presents  .1  the  diaqran  of  flow  of  li  :ui-i 
under  th  action  of  ;.t  a sure  .liifetv  :vt  ial  Ap  = fi-H2  b-twe-t  two 
motionle.  . parallel  ; 1 a *•  *•:? , wh  ion  ii  - ioc  i t cu  c to  iron  a no* 1 ?r 
this  distance,  tint  ti.-y  form  capillary  slot  with  a sizo/i  i:*  l r o: 
s.  Assuring  ti.at  rn-  •:  istribut  i on  of  tie  speeds  in  *he  section 
between  ; la*  e-.i  ha.;  the  parabolic  character,  which  corresponds  * > 
lamina  i flow,  ar.  l a pp-iyxn-j  the  relation  ships  examine  1 above,  w-  find 
expression:-:,  tor  1 jump/drop  in  the  pressure  Ap  and  in 
expenditui  .Vconsin  j.  tlon  0 thro  uy  h similar  slot  [ 6 ] : 
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» 12vph  . \ps*w 

&P  — Q Wi*  > Q—  j2vpL  * 


(22) 


where  w 1.  wiati.  of 

F iq.  20 a)  . 


in  the  direct  ic  n,  perpendicular  no  r 1 t.  (.  ■ 


Ait 

k r M'iacii. 

j in  -xc 

rf-i> 

.sio  r. 

(22) 

va  1 uo 

cl 

w = 

Tn,  A 

her-  d = 

(1 , +d  2/2 

is  til-  i!i  3a  I'. 

; i ,i  nets 

r o 

f si 

ot  , w 

« will 

cl* 

'll  n 

ox  urn 

sc  io n - t oi 

til-  C tic' 

u 1 j t i on  : > r 

i -]  U : l /d 

or 

in 

p 

r - o c u r e 

ar. 

n 1- 

1 1 t q e 

r thioujh 

the  conct-r.tiic  a i* r. n 

L u . w i t > 

[•a 

till 

C i V/  G 

11s  (Fi 

a * 

20c) 

d u r i 

rq  * 

1 a in  i it  a l r i o w : 


• „ I2vp£  „ ltd  Aps3 

ap  = Q-w-;  Q = -i2ife-« 


(23) 
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will  ! . v a r i <> ; ■ 1 • . 


ylni  i flow  :r  > tiiLvi.ti.  ocroritric  r«i  J ial  cljarancv  it;  co.i.  :.u*c 
dccordiii!  to  'x  i ir;.»ui  > ' ■»  ] 
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1 ^ 

that  the-  : Itiia  ii  >v  : . r*-  wir.r  m a x i m u ra  «-•  ccon  tr  if  is  / or  slim  i i tir: 
tush  i n<j  -‘xct.  »-i:>  /.  > : i -i-'s  ex  j «.•  na  i tin  e/ocns  inapt  i ca  ’ o t n • i i 
ccrcen'  i . :.i  1 [ osi'  i >i  . 

Tin-  j i v u calculations  an?  produced  on  tin-  assumption  ♦ i * r h<» 
viscosity  or  the  a a i : ot  liquid  in  slot  constant,  whereas  it 

actuality  it  - o n * o.ti  pot  a r.  ul  ■ > a:  i partially  on  tne  i.  r«  s > ur  • of 

liquid,  that  at-:  t i.  ■ viliies,  alternatir.q/v  trial,  le  it.  t ..  • c ou  r - • of 

flew  of  1 i - i i it.  vi  wot  the  fact  that  a uhai.qe  in  the  * -•  ? tur>. 

and,  consequently,  1 1 . ; *>  a chanqt  of  tin  viscosity  of  lijui-i  in  slot 
bears  tie  complex  caaracter,  which  difficult  yields  to  accoun*  i r i r j 
practical  < a leu  lar.  i y..  i , into  tine  q i v >n  exp  res  si  c::s  approxirat  ■!;. 


DOC 


11  )4  0109 


Fi’i  1 o • or  Ii  ju  i i in  i. arrow  ( n pi  l la  i y)  slots,  have  ->•  i‘-r 

the-  boundary  corn!  i t ion  • , j - 1 r i a>  in- ■ ) ir.  rs:;-  nee  by  t h°  fore., 

molecular  int'  l act  i in.  Oder  1 1.<  c f I ye  t of  the  forces,  .hie;  ic*  ji 

the  inter  race  of  1 1 jui  l ana  oz  solid  pi.  ises,  or  the  wa  11s  of  ..lot 

occurs  *.i.m  adsorption  of  the-  polar-  active  molecules  of  liguii 
withi  GLiiifiti  or./fiiucj  ti  5 n oi,  thvm  *h  rough  certair.  time  of  t h •»  tix  ■! 
boundary  layers,  ...  i i.uvt  tht  anomalcus  Viscosity,  winch  d iff*  it. 

value  art;  properties  from  second  viscosity.  Specifically,  t h~  li  ;uin, 
forirmuj  ♦ is  layer,  x;  j wires  elastic  strength  tc  shif t/shear . 

As  .•  result  oi  r h - lormat  ion/  ducat  ion  of  this  Lixed  ley-  -he 
hydraulic  slip  through  the  slot  will  as  a result  of  a Lduct  in;  i r. 
area  of  ;t;.  l*vii...  .s-ctioi  decrease  ir.  the  course  of  *i  ae  of  * n stay 
of  si  ot  urcer  the  nil  f differential.  With  some  small 

size/di  »<  n si  on  s of  ; 1 o t , the  leakage  after  known  time  can  coir.;.  1- -te  ] v 
cease  itself.  As  a r '..alt  can  he*  reached  the  complete 
seal  in-j/pr*-  ssurizat.:  on  even  or  the  such  slots  whose  size/d  iirei  t-ious 
hundred  r ires  c zee*--  ! r ue*  molecular  dimensions  cf  working  fluid  u a 
their  cii ai  n/net  wo i < ... 

The  phenomenon  ot  the  cicatrization  of  capillary  channels  ir 
question  by  -r.  ■ lay  as  oz  -nr.  adsorbed  polar-  active  molecules, 


, _ A 
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obtain  »•-. • oi  t.i?  obi  iteration  of  slots,  is  accompanie  ; also  ay 
deposit  on  solid  canal  surface  of  resins,  loose  accuaulatioi 
tract  ion cl  ii  -paid , in  particular  tno  resinoid  substances  of 
colloid  a 1 char  act  -r  1 It.-  r«  la  ted  with  them  .•  usponsiot  or  t..,. 
solid  {.articles  of  ti..  conr  ami r.a  toi  . 


Virtually  t.c  -i.icki  -ss  of  tin?  adsorptive  layers  or  oil  or.  .. 
surface  (De*-dl)  , w !.  ic;.  posses:;  ! ic,h  elasticity  ct  form,  caprr-l-  t 


reliably  resist 


•xtrusion  oi  oil  from  clairance,  is  fror  it- 


several  'tilths  of  icroineter.  Tit  thickness  of  the  lavs-r,  which 
causes  ti;  or li t»r a tion  of  slot,  taking  into  account  the 
contaminations  or  oil,  is  egual  for  widosp  tua  brands  4-S  pi;,  ir 
accords:  wit.,  wi.icn  complete  obliteration  can  bo  observe  ’ in  ;] 

on  t i.  «-  or  i - r oi  o - 1 U hi  . 


' i j u t 1 1 civ- 


•ur vcs  or  the  leaka jer  through  slots 


th  icicncss  1.)  an  -1  ) pin  ir.  the  tu net. ion  of  retention  time  ui.  ; 
pressure  i5  xgf/cm*  in  tne  cii  of  AMu-10. 


During  -i  i.j  j lac-’:-  n t.  from  {lace  of  cne  of  the  surfaces , tori,  i 
slct  (:  1 jei  oi  ;■  u si.  i •;  - js)  , or  liti  rated  layer  ic  destroy  ?d  and 
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The  lubi' ivM  at  i i.  ;tej  >min  js  io  provid-  d ny  f »»<  . in*  > * • 

capillary  c l ear  dii  e-  P • t wi  th‘-  tlat/plane  friction  ^na:  >:  i he 

pressure  with  vi  1.  it*  a external  1 • > .j  . i .. 
>t  liquid  and  on*  il  th-<  slrdir.  : 
with  another. 


l : oi 

1 1 i'll  1 

a trier  such 

need  1 

y forts 

< ■ 1 ; r ...mi r- 
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1 o its. 

1 o.'in  j i i * h 
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h v ■)  ro  s' 
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i ti  i o 

1 work i no 

ce  1 i/eltoior  t. 
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h l 

champ er  a will  1 i 
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lU-jii 

horinq  h 

in  motionless 

he  ir  o; 

z i l ; u i i 

under  } r-  :ir  p0  * 
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or  co 

It  create 

s in  the  clear 

an  co  1 

. * >.  * !. 

f lot/ 1 1 o pairs  1 

ill  : 2 

liqui 

c layer. 

rece i v ir  g the 

x •: . ; : ; 

\ i ] ' • 

The  cait  illation  oi 

si  n i lo r t'U[ 

port  -v-  oi 

si  ip  is  ro  luce 

l j.  r.  r- 

net 

the  der.t  r in  1 1 on  y 

* - i. 

- SU) 

jorting  ; 

ewer  and  neces 

s i r v t 

rl  ow 

rate  ci  tit  lur-rica 

t i | 1 

lo  'll 11 

• 

Fc  r the  ca  leu  1 

it  i or. 

or  -1. 

t act i n g 

iorces,  let  us 

use  t 

OL 

in  tin  itc.ii  ital  cell/ 

el  tone  r. 

t.  d i 

; iring  ! 

urface  on  tadi 

Ue  r r. 

■■  'h\  ti*". 

(22)  f oi  : low  ol  1 i 

mil  1 

•a t wet 

i pa  r al  1 </ 

] plates  (we  * 

,1  K 1 t h 

viscosity  ol  the  liqui  i of  con:  ta  rt  me  disregard  cpntri'  n j.il  : oirr)  , 
Artec  sui  * l t a*  in  j in  it  va  1 u-.  ot  v = ,ni  1 L - or,  v>  • will  n.  t lin 
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Thu  le.t'l-i  iftin  j torc(  F ol  st.>[)  uorini  will  be  t *?«•.<•  ra  i’  i i / 
t Uu  sa»  o.  ! okh.;  v>  r _•  r ; ;;iilo  [>0  or  chamber  a (y0’rr  t *)  iri:^  varii:  1 1 
accord  Lii  j to  raliu:-  t clearance  pressure  s on  the  matir.j  sur  fa<:  • : 


r a 

F = ponr\  -f-  | p ■ 2 nrdr 


Aft-i  su„ 


. - u - » n } ■'  trom  expression  (25)  into  tiie  last/i  \*  t.»t 


expression,  we  will  jlta in 


F==PX  + i^flnMrdr 

^ J \ rl  / 


A ; t ; ui  fit  utii  frroir  equation  ( 26)  v .1 : <3  1 . * ■ . ini  jra t ir.g # 
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we  will  .>:■*  in.  • x >!  • , . i o:.  r or 


c 1 1 i'ii  Lat  icn  of  -he  loa  i-  I 


force  ci  the  circuit:'  aydrostatic  _ tet  tearing 


J 2 
F n K ,2~  r\ 

r —P» 2" ; — 

' i 


Tr  tii-  major  it  y or  tne  constructions  of  nunps  ani  hyd  raul  ic 
motors,  ny dcosta*  ic  supporting/rei-rence  step  bearings  (sho-r)  a r • 
supplied  no.it  tueir  w jrr.i.rj  ae.iiuai  without  the  applicat  ioi;/us~  ol  ar. 


auxiliary  sou: 


is'Uic.  one  of  similar  supports,  use  i ; 


rotor-  pi.s*ot*  pumps  i ••  the  places  of  the  coupling  of  t|i  piston  -ro*u 
ami  incliii-A  wasner,  is  represented  ir.  r i • j . 2 21.  The  supply  or  1 : quid 
from  working  pu  at;—  stock  To  the  sliding  spherical  and  f 1 a - sun  ic  i 
realized  ~ (trough  tt.  : hole  a xia  i channels  a of  the  plat  or.  or  1 ai.  \ 
seating  .-.;oe  2. 


This  moo  r - . • * i v • . the  force  01  opera  tin  j { r-s.sur«  i 1 iip.ii  ; ir 
cylinder  or  jistor  1.  r he  equilibrium  condition  of  act  in  j holy  torcws 
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taxes  f no  * o l ■ 


_ z>*  _ „ rl~r\ 

Pi  ~n~  — Pi ' 


Jn 


where  f , -o  i j.  * - pr  ;su:ii  in  [umn-stoc/e  and  [:resdiire  in  cha.nn-i' 
sea  tin 9 suoe  A. 


Fiui  i Cion  rat-  tiitouyn  tl  ••  end- type  slot  can  be  calculate: 
the  select-  -i  clcarar.c  accotdii.y  to  —juatioii  (Af.)  with  re]  lac  ■ ui-  i 

by  pp  : 
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low  rate  oti  the  rlo'»  rat*-  t. hr  ou 


DOC 


77  04  ) 1 0 7 


1 

I (p  ‘'I 

chdiutel  i i.i  J t >!:,  i imputed  i tom  e juatioi:  (13),  wo  will  j!  mu 
equation  tor  deter  r uiinq  liant  ter  i o t cp«?n xu<j/ap*rt'ir e 


Hydraulic  ni;acr. 


(Pi  — Pr)  d*  _ Pis»  . 
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1 I.  c 

or. n ,jor  ion  < i* 

n the  a i i 1 ic 

a t ior 

/use  o 

t"  h i j h 

r.i  t.eS 

of  C 

low 

liquids  i 

n the  con.i  uit 

/ n a n i i o j d s o 

t h y d 

r au 1 ic 

s y s t o 

ms  ( i n 

a nu 

it  h e r 

cases  th-- 

r ites  I MC 

h 17  m/s)  ar. 

«i  the 

pro  pa 

] a t ion 

in  them  o £ 

* ho 

h i q h- 

d 1 ist i i on  t o l 

(s  w it  c it i n j 

rat  e 

s are 

1 0 d t o 

thousa 

r.  d t 

s o t 

second)  i 

rr  porta  i.t  v i 1 u 

they  acqui 

le  t h 

e ques 

tiens, 

cor.  iipc 

tr  ] 

with 

tho  h'/OLa 

U i in  i a:  t>d  r ’ w 

i/yh  which  to 

e pro 

ssu  re 

overshoots  ca 

r a n 

se  vo  r a 1 ( 

t.  a roe  and  mor 

) JHCe  to  e 

< ceed 

the  n 

emir.  1 1 

opera* 

ir  i 

DOC  - 7 / .K  >)  1 it 


' \ > - ■***  I fc  [) 


pres sun  . , • . . : i ; i . • >yst*  x.  Si»i  Lai  • xc*  .s/throw/ov  -r  :!  oots 

the  service  1 x < of  r . w or  »:  <>i  hy  iro-tq  jrejates  and 

cond uit/i  mif  olds,  In*  ooae  tins  t can  cause  * heir  f ail  n>-. 


Pa  y e 4 j . 


HvsUuulic  shoes 


he-  yri.i  Lai  cur<-  * hey  call  *•  h • osc  ilia 


the  pressures,  which  iccorapan j an j tra  nsient  process  (th<  t . . . 
condition:-  of  f low)  is.  li  ; u _ a f root  on*'  mo.i-/condit  ions  to  a no*, 
caused,  for  example,  < * :.■  1 of  i ydi  au  1 it.  ie<  ha ni  ■ or  : . 

ch  an  ye  ii  the  .:.o.i*-:/coi..iit  ions  of  it  s work. 


Hydraulic  impact  is  caused  hy  the  cop  { resrit  ilit  y of  li;u 
by  the  elastic  dot  oim--  Mor  cr  conuuit/tnannold,  and  also  i y * i, 
distt  il  ut  ivit  y of  t • i, c,f  liquid  alcnq  the  ler.;*h  ot 
cond  uit/r t r i l ol d. 


f'ror.i  --.’.ut*  i.v  : : : t y ol  ♦ he  possible  dist  urtance/perturs 
which  j t o i uc«  y.iitiiic  i xt  at  *• , jrratest  practical  ir.teios 

represent  * n > i a ;t  l l:  i ncc/:  ol  t hi.  bat  l oni  , ca  used  by  an  ii  runt  c 


r 
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in  the  ra*«.  oi  : 1 ok  m:  : m ...  ui*  of  1 i qui  -J. 

The  chai  j«-  (i-.  iue*  ion)  ii  the  speed  oi  dew,  whic!  is 
acccmpani  : uy  ).  y .i ; tali'  impact,  ..  caused  in  essence  by  t h-  over  la  p 
of  the  cii-uun  Is  (.nnin  oi  hydraulic  system  in  the  process  of 

distribution  an.;  t low-r.i*-*  control  of  liquid  by  equipment  f nr 
hydraulic  ..y  n*.  au.  , tot  iistai.es,  t ost  s will  show  -ha*’  : u r i : . • , t;> 

chanyeov-  ; oi  r ibut  >t.s  v>  it  h positive  ever laj  an  1 the  vaiv 

disc ha rq in  i oi  pun  i tin*  * xc  vsn/  throv/ov»rsucots  at  oporat  i no 
pressui  ■ t,  10  0 K-qi/c..  •*  ' ten  2^0  kq  f /c in 2 . 

The  ea  lc  ila*  i on  of  an  ir  pact  ( *-xce  ss/thr  ow/cvershoot)  in  ♦ : «- 
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over  1 a;,.  mg  j -it  - 


of  f low  ’a1-  ir.a  vice  versa) 


, / 2i. 

t<* 


where  I i" 


u;. ..  . . • jd  the  length  of  the  section  of 


condui  t/tii  j 1,1  told  ir.  puestron 


. ms  so  r.  .1 1 t r on  * a-; 


overlap  of  coni  u i t/n, am  fold  ronclu: 


before  the  reveio-  / in  ve  t sc  shock  wave,  reflected  from  the  source 
flow  rate  (t-u.ic,  storage  batter  y/accutnula  tor,  etc.),  it  will  r •->t 
to  gate.  Hydraulic  i.npact  for  this  case  will  be  determined  by  r 
total  loss  ay  the  iiju  id  ot  v«-  loci*  y,  in  accoraance  with  which  * 
fressur.  overshoot  will  .<e  maximum.  Hydraulic  impact  in  this  car 
conventionally  designated  as  complete  ot  straight  lino. 


Fion  th“  aforesaid  it  tol lows  that  the  pressure  overshoot  *' 
direct/st  might  hydraulic  impact  will  achieve  extreme  value  a::lv 
that  section  of  t:»o  conuuit/nidr.ifold,  counting  from  jat.o,  on  . ..ic 


will  hav  tins,  to  ; J extended  the  direct  wave,  which  appears  a r ♦ 
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’ A 1 3 i. 


j b( 


with  ti..  a ickwui  i , irfh'ctoJ  front  the  sourco  of  flow  r~-  . 


Paqe  44. 


Fx  j;  jurij':  (Jj)  i r follows  that  maximally  the  poss  ifclo  f 

the  eir<ri  no*-  o:  iir  >cn/straiyht  h yd  ra  u 1 ic  impact  time  of  tn»>  ov 

ct  eotid  uif/ma-.i  f oi  ! 


The  maximum  im  pact  pressur*  , -t-jual  to  impact  pressure  iur  i r 
instant  i;  ;cus  ov?ilip  if  conduit/manif old , will  ue  observed  a*  * 
value  of  t o:  q a t • it  ; ’If.  In  remaining  sections  with 

aeproach/a  ppitoxi  ma  *•  ion  to  the  source  of  flow  rate  (storage 
batt ery/accu mu  1 at or ) the  pressure  descends  up  tc  a pressure  of  * 
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latter. 


Uad  i'  cor.  i i tio 


i.e.  with  slower  than  it  is  given  above,  the  over  lap  of 

condui  t /nidi,  i to  1 u , a:;  impact  pressure  increase  will  be  d ete  r.m  i:,  ’ or.  1 y 

by  the  t:.a*  pat  * of  r inir ia  1 velocity  or  liquid  A-i  = un~u,  wi.i c: .. 

will  1 c..t  tor  * • *i;:u  , equal  to  period  r conduit /sanif  ol  .j.  ’Ti.der 

this  condition  revt  rse/inverse  shock  wave,  after  being  reflect  5 from 

the  sourc>  >1  f 1 )w  rat  will  ret.urr  t c gate  earlier  than 

cor.du  it /"’ar  i f >ld  will  be  completely  overlapped.  A similar  shock  i > 


r 
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where  a u - u0-u  - r ...  K-creast  in  the  velocity  of  liquid  i : uic* , 

caused  by  4 .,*•  ;kl:  : .il  ov-rla;  of  it  by  ta  { /crar.e  for  the  ti:r  a,  » vial 
to  period  r conduit/  i i ni £ cl d ; 

here  u0  is  the  initial  velocity  of  the  motion  of  liquid 
(velocity  prior  to  -he  hcjinninq  ox  th<  overlap  of  con.i  uit/manilol  :)  ; 

u - the  char  j t d v locity  of  liquid  (velocity  up  to  th° 
torque/mojiit  n t o„  arrival  it  the  xa*e  of  t he  re  versc/ir.  ver  s?  Shocr. 
wave,  i- 1 loct  from  4 iu  source  ot  flow  rate)  . 

Alt<-r  as.umir.  j •.<  t.  a change  in  the  steed  cf  flow  ir 
condu  i t/?  an  i fo  1 d 1 i >.;/!.■  ■:*:  evenly,  the  calculated  spec!  loss  au  for 

time1  r can  :>e  approx:  at-;ly  calculated  accoriinq  to  expression 

Au  = -?sl 
t - 
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'A  Or  -ek  |r/^ 


The  axcess/tt  row/ov<  rshoot  of  the  pressure  of  Ap„  with  ii  Li 
(inco»i  l.-tt  ) shock  (t  > r)  car  i.e  calculated  also  accorlir.a  r j 
ex  [ ressioi 


AP«  = -J-  APn  • 


Ta k i ::  j i nto  account  the  1 1 ece  uing/provious  e luat  ions  the 
last/latt  r e -pt  no  • :ic-  can  fce  i e pi  eser. r ed  in  the  form 

AP„  - • (29) 


(29) 
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vhIo*'  if  y t 
con  du  i t /!.  4 
the  eqiid'i 


1*7  of  i 

. jc.-.  » av;> . T he  t nt  ‘U 

i n g t he  i e 

salting  ix  i r 

Ol  .li.OC* 

. *i  i v ■ in  t ii *.  ( • i oil  t i 

c Xi.gui.df 

included  it* 

i.  if  old  *' 

i 'li  'last  ic  wnlls 

(E'+  co)', 

is  1 - 1 e i ii  i r 

on  of  7 . 

V . Jon  kow.;  f.i  [ 1 ^ ] 

on  c 
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a = 


(30) 


ijac  p - ‘t.<  or  i i^uid ; 
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K - t in-  ou  lk  i i : i 5 it  y mou  ulus  of  liquid  ( ter  th®  dcaerat-  i 
mineral  oil  K = 1 . f . ° 1 . ; **  r.  ; t / o n «■ ) ; 

a an  i s - unit  r diameter  and  the  wall  thickness  of 
co nu  u i t/ma  r.i  f ol  d ; 

i - t l,o  modulus  u elasticity  of  the  material  of  iuct  (for  a 
co  nduit/man  if  old  :nal:  of  steel  ci  IX  1 b N 9 T E = ^»106  k-jL/cm?)  . 
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fill;:  speed  tjr  t ; deaerated  mineral  cil  a = 1320-  144C  m/r,  tor 


20°C  a = 1 290  m/s. 


iton,  in  t :.*•  cil,  the  und  issolvee  air  is  present,  in  forn-ul<j 


(30)  subi.t  it  uti  fa  ii 


'oi  the  nuijv  rigidity  med  ulus  ot.  lie  n ; ♦ • 


g iver.  bulk  rigidity  .:.oh  ul  us  oi  tiro  mixture  of  liquid  with  air-  Tr 
accordance  with  thi  ; ca  it  wall  be  below  than  with  the  d 'aerated 

liquid . T i a is  cause.!  by  the  fact,  that  when,  in  *he  li  raid,  1 1, 
undissolv-  1 air  is  pi  esent,  the  latter,  being  compressed  during  a 
pressure  increase,  >1  low/assiir^s.  certain  displacement  of  liqui  . ai.d 
thereby  reduces  period  r (phase  of  shoc  k)  ccndui^/manif oil . 
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" A 0 F ~py 


n 


n 


hydraulic  i •:> . % c*  . 1 ivr  r sion/ta  ^ pressurt  incr*-as.-  at: 
hydraulic  impart  i:  a.  v I ranch  or  hydraulic  system  produce:  « , :: 

impact  in  all  divorsi  m/fups  lion  it  a i.d  in  particula 


it. 


f:  1J  1 i: 


c ri  e .1 . 


Th i i & Cdiis^r  i ,■  t. n trict  t i.dt  * | wli  ic :•  a irj  i** 

coruiu  lt/  i .t  r i Z.ilc  *•  it.,  hydraulic  impact , atinj  i pr  >ad  on 
diversion /tap,  c tributes  as  a result  of  the  def or  mat iot  of  its 
walls  and  li  tuia  to  t notion  o£  the  litter  tc  blind  a lie  v.  ' 
result  ai  created  ina  logous  conditions  for  level  oping  . \ • pro*  j , 

as  in  the  c * >e  or  t overlap  or  coni  u i t/na  ni  i el  a wit;,  t j.&  J ri  v i r i 

liquid. 

Analogous  hy Iraulic  impact  is  observed  also  with  the 
i nst  a nt  a r.  i ou  r (abrupt)  ccnntcticns  of  * he  tiind  main  linos  or  of-  ->t 
rigid  tanks,  iill...l  . ; lijuiu,  to  t source  of  uijher  i-ressure  (to 
the  wor King  main  i i no  o.  ayura ul ic  system,  pneudraalic  »torag- 
ba  1 1 e r y/c: c c u m ul  a t o r , . tc.  ) . 
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Ii  this  c.i:  •,  if  tim--  r ot  i i :.covp  t y/o  j;o  ni  n j tao/cran • ■ vn  ♦ 1 * ! •' 
connect  ion  of  uiui-oi;..  oon<luit/ma  n i i old  is  shelter  than  the  p-.-riod  r 
condu  it/ma  ni  r ole , » .,-r.  *:n..  pressure,  which  develops  u;  a r--sult  of 
hydraulic  in  pact  i r > 1 i i.  > J alley,  exceeds  the  porturbati  on  pro.  .>’it  •» 
(pressure  1 ‘fort  t.i.  * a;  /crane ) virtually  2 tine.;. 


Hydraulic  ini}  act  i r.  blind  u iver si c n/t a p has  jreat  practical 
value,  sin  co  any  of  t as  inoperative  a-  any  to  r q uc/rr  om.-  r.  t main  lire- 
of  the  branch*.- a n Livt  ry  conduit  can  i < considered  as  the  ’..lie  . 
di versior/tap , gate  ii  which  is  cr< atec  bv  the  connected  at  in'  re 
any  a ggregate/unit , * . i*.  a ever  la  pa  this  di  voraien./tap.  our  hi  in 
d iversior./f  ap  s inclua  also  the  main  lines  of  the  coni.ec*  lot  >i  t‘.< 
differ*  n*  iiiearuimy  uni  monitor  in-4  instruments:  manono-tors, 
indicator:  , etc. 
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1 


fl*  tho'U-i  o'  i r •■duct ion  in  t :i«  imoact  p Lossur 1 . To 
hydraulic  impact  possible  either  L y an  incr^ise  in  time 
changeovu  or  distributor  (overlap  or  eonduit/roanifol!) 


or  by  the  ieoreas * r,  realized  usually  wit  a the  aid  of  iiL'fvrent 

compensators  (extra  j.u  oa.'ts)  of  shock. 

The  timing  >;  tie  :h  m j »o  v-r  >i  distributor  usually  is  :..,uiz*  i 
by  the  natter-/  «u;  piy  r*  l t;/c,  runx,  a pp  1 icat ion/uso  -,f  wr.  ici.  1 1 i„; 
possible  to  -nsiu  * . ■ rail'  d • or  unstressed  changeover  tire-  • , 

Dia,:a.n  of  ore.  i:  i nailar  : lay,  intended  for  smooth  pr-ssuro 
balance  luring  trio  m e mtaneuuf  connection  of  “wo  main  liner?  «i*h 
the  aid  )f  the  high -spe  i pet  cock  (gate)  i,  sstabli  shed/i nsta lied  on 
output/yi-- 1 u rro.u  re*  a v , is  giver,  in  Fig.  2 1. 


k 
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valve  i.  1 ilo-ij  , ■ i .ton  4,  srrctchPd  J^na  j 5. 


Ti.-f  position  ) r "a.  •••ovir.y  elements  at  th*  relay*  present  - ’ i:. 
Fig.  23.i,  iron  soon  i •.  to  liscov  ry/op*  niny  p-»t  cock  8.  "lung'  . val  v* 


3 under  tie-  action  > f 


crea t < 


?ssur:  differential  it  , - 


in  i nput  and  outlet  i ue*-  •-  is  noved  to  the  rijnt,  open/disc  1 os  i »• 
passay  .lot,  foL.iei  ■ 1 1 a rlie  conical  [art  or  valv-  3 and  fy  • . 
housiu.  - l . ia  v,  t.  which  the  liuuid  , r oc,o  I s to  out  l--t  net 


at.  r...  initial  s*  i of  r he  displacement  of  valv<-  5,  *c-  iot.  c 

pdssd  ji.  slot  die,  cot  .e'.u-  rtly,  also  fluid  flov  rite  through  j. » a:  . 
close  to  zero,  mi  an  y liter  passage  1 y it  certain  assigned  .ay  * t 
sectior  of  slot  at. -i  fluid  Liov.  rat-  smoothly  reach  the  r->  j ui  r • i 
(calculate'!)  va  l'i~. 


lr  t..e  final  ( <*  r . »ol  y Light)  position  of  valve-  3,  the  fric'i 
of  relay  to  flui.  l low  is  determined  only  by  the  force  of  re  tun 
s p r i ii  g 5 . 
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rl  - -v-"-  1 ot  viiv->  opening  7 a nd  i espeotivol y t ho  cat-  •>:  hi 
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T 0 1 It  1 
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his  c a s <- 

ex  pen  lit  m 

slot 

1 5 

tei  m in*  d , 

ot  .--.-r 

c call 

tlC  I: 

£ b 

eing  • :ju  >1  , 

speea  oi  t 

b » lisp 

1.1 

* of  i l 

.tor  a 

...  . 

asm 

ii:g 

a p para t u r , 

assigned 

y the  r 

i i 

it  ion  of  th  rott  1 e/c 

i Ck  e 

7 th 

rou 

gh  wl,  ich  is 

displaced 

t.iie  1 r i 

a i 

. . on  c h a tn  1 

or  i ir. 

to v i 

nr  i 

is  * 

on  i . 

Ih-  position,  r •-  >-i.  ‘ . a i i t-  i j . 23h,  correspor  ti  the  _>v-  s iQ[ 
oi  conduit/iii«ni  fol  • . y rv./ci'cit.  Flow  of  liquid  in  the  i r pu  • a:.  : 
outlet  i tu:  * :■>  or  r * i,  ct-asef,  and  i*  s movable  parts  (valve-  f > - 

piston  t.)  under  *•  h-  i.  ♦ ion  c:  letun:  spring  3,  th»-y  are  rrowi  it 
start,  ir-j  >ositior...  o . tie  acceleration  or  this  process,  ii  ntovi  . 
for  chec,  ( Ioomn  j)  v : 1 v » through  which  the  liaui  i overflows  i 
parallel  « itn  t r low  r,j  te  mougn  th  t cttlfi/chcke  7 into  t i-  rr  : i t 
cavity  or  ch a ;n!. t r a or  cistcr;  ut  providing  its  quick  travers-  »* 
starting  £ os  it.  ion  (to  the  left.). 
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Din  i r.-j  a ch  tu  i ‘ in  t '•!<•  direction  of  fluid  flow  (Fig.  2 3 c)  r *luy 
works  us  *•.!.<■*  support  v*.]  ye-  whot » : r ict  ion  (fcacK wa* er)  is  j >r  i i • 2 

by  t h o lore**  oi  i in  ; 1,  wnici.  loads  the  lock,  cf  val  ve  2. 


It  is  oi'vious , .v  ,n.  ms  or  the  s<  lection  ct  the  corr^sno::  • i i.  j 
friction  >:  ♦ f i ot  t i jfco  7 am:  or  tlu  angle  of  the  conical  mrt  <■: 

valv°  1 it  i-  , us:»i  j!  *<..  f-nsm  -r  * no  n juirei  time  yZ  the  conn  -r*  ior. 
of  input  ,ii  : x-1  -nr.  Lir.  a,  ur.d  const  guently,  to  ensure  sn  oo  * 

p IT £*  S S U IT  ■ jc  adHC'  ^ i * • ♦ m -‘i  2.  ’ 1.  i.  T i *-*  ij  • 


i'--  jiULe.i  fciiti  • t o; 


'OV'  rage  (or  the  discovery/  ir-nir  tj 


o£  gat*  .'iiri.  ; w.hic.;  « r 1 1 be  provided  for  tne  assigned 
excess/t : l ow/oveL’s  :m>ot  cf  the  ; rossure  of  A/>„,  it.  car. 
deter  irir*u  from  -xpre.  .ion  (29)  . 


practice-  show:  tn  a*  treed  ora  from  impact/s  heck  of  the  connection 

of  main  lines  with  t : .•  pressure  differential  220  jegf/cm2  r -Hi  i ly 
provi  li  i wit:  t ^,0.1  ... 


Com  : e nrjatoi  s or  .hydraulic  impact.  The  compensator  (ox*in  juisher 
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of  n ) ii  a u 1 : c im . -ic  f 

Us  ua  1 

i y is 

the 

con  tan.  cl  of  one  fo 

i .ii  or 

t )i  e o 1 h e>  r 

cell / o 1 * ■ in <-  i.t  . I.*-  i uc 

*rion  !• 

y the 

com 

as  a result  of  ab  >o 

rpt  icii 

with 

the 

cell/'-ii-fcnt  or  c-- 1 

•m,  p 

art  of 

t h 

enters  the  componsa 

tor  in 

the  t 

o r m 

corresponus  to  a v- 

1 oc  i r.  y 

i net  < 

men 

initial  v 1 >c it  v. 

i-onr.fico..i  witi  con.iui'/w;:  : >iu 
(Fig.  24)  with  elastic 
,icnr.i*or  or  impact  pressure  occur 
deformation  ct  its  elastic 
‘Rc-ryv  or  t h-'  shock  wav  , / ,»ic5 

of  the  fluid  flow,  wh  ic 
in  tne  siioc k wave  alov*  t!  • 


Ai«  common  piston  compensator;.,  with  spring  ( tig.  2ua)  an:  j;n; 

( F itj . 24b)  elastic  c-  il/nltacrt;.. 

Th<  | i or  (Pup  Jy  gas  of  gas  compensator  (Fig.  24 1 ) 

usual  iv  i ■:  - ua  1 (or  somewhat  above)  to  the  maxima: 

opera  tin.,  pressure  in  hydrauln  system. 

Coinpe  t.  sator  to  worki  ne;  hi  a i:.  line  hydraulic  systems  copi  •-<;*  1 
the  tube  of  the  smallest  possif  If  length  and  maximum  section,  which 
is  dicta  * : i by  effect  or  the  dynamic  process  of  the  connect-*  i ( j i ve 

mass  of  1 ip u id . 


cm: 
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An  mci  . 

acco ® pd i: : 

Tii*.1 

conipem.tit 


where  « i 

COOpetlSd  t 

A do 

inert.  n<- 
f r ict  ion 
ine  it  ne  ss 
connects 
line  ot  1 


, 


o : t p ^ 

d ia  Es  t e 

i of 

co  i d ui  t/nia  nifol  d in 

as-*  4 

t imt  : oi 

- h i 

redu ce  i n i ss  of  X i<  iid. 

reduced  :»ia.  ; j li  juid  11  connect  ion  uit.h  cylindrical 
oi 


i mass  at  1 i juid;  L rtn<:  i i s a diameter  ot  t..  e ryli:  > r 
o l a na  conn  ; * in  j cor.d  ait  / : anirold. 


f icioncy/1  acn  in  t ho  pis+in  com  pe  r sa  toes  is  the  Larjo 
, caus^:  i / . mass  ot  [ Is* or,  ana  also  the  presence  of 
it  cylinder.  A > a result  ot  this,  and  also  due  *:>  r !. 
oi  -last  t o lijuid  coiuns.  in  t ,j<=  conduit /manit  oil , w’,  ic.i 

the  liqui  i t s-  rvoir  c-t  compensator  with  the  working  mair 
y d t au  1 it:  svs  t e m ana  with  jutter,  t ho  piston  or  oomt  »n  sntoi 
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at - 1 
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can  iiutiat..*  ( »i;  a r-\  u 1 f of  t ho  blast  effect  or  pulsation  of 
prossutt.  in  v.: t - ■• ) to  n.i('iila*e(  which  can  lead  to  an  asy  nchronous 
with  res!."Ct  to  bias'-  --r  feet  siqr.  cnanqe  the  direction  or  t,.~  motion 
ct  liquid  in  th is  Cn  an  n-  1 (to  the  appoarar.ee  of  a "n<?  ja*-  ive" 
velocity),  .n  tr  is  e.c  the  p rrssure  in  ccnnectin.j  cond ui f/mu  nif  old 
can  exce-d  Llast  l - -SSUL  os  in  the  shielded  main  line,  as  a result  of 
which  a similar  con  pu  mtor  r.ot  only  will  net  absorb  wave  energy,  hut 
ayqravat-  its  ictior,,  which  will  lead  *c  an  increase  in  t he  pr-r-ssu re- 
overshoots. 


For  a decrease  in  r.  h inertness  of  the  movable  cell/e  lemer,*  of 
compensator  liquid  and  Jar.eous  medium  they  divide  by  elastic  ruf'-.r 
blanket  (rij.  /.He)  . Capacity  is  selected  from  the  conditions  or  tin 
equality  or  t cq  mpr  r on  work  of  jas  in  compensator  and  the- 
kinot.ic  enerqy  or  li.;ui.,  w.iich  takes  place  on  cond  u it /man  if  ol  i. 
Virtually  the  capacity  of  jas  cavity  usually  is  200-250  cit.  J. 

For  the  limitation  of  impact,  pressure,  they  apply  also 
orotect  l v<  ( !■  i / . 2d  ;)  . For  an  increase  in  the  effectiveness  of  va  Lv»  , 
it  is  non  ssary  to  leer  ease  tne  inertness  ci  t he  movalil-* 
cell/eleine  nts  or  valve  and  liquid  which  depends  on  the  irass  n t 
Bovin  ) lemon  r of  mo  vilve,  and  also  of  section  and  l-.nqth  of  t.  ■ 
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condui*  /m i ni 1 ol os  witn  t .*  a iu  of  which  thf  v a 1 v-.  is  comic- 
workinq  ..min  lin  , in  . i Iso  t f <-  i r a i na  t,  •?  con  iu  i t/nanirol  1 , 
connects  valv-.  wit  ..  *.  .m-. . 


1+  is  oi'Vicao,  *-£  fee*  i vr  uni]rr  otherwise  equal 

it-,  will  L--  t : i - • s-t  t i.  , up  .if  valvt  directly  on  working  nai 
the  jottisonii  \ or  liiu.i  l it. to  at  ait:  ige  1 ir-je-slot  nnnifol 


For  - f 

e .-xt  in  : ii. 

.hiny  of  fy.ii  aulic  it 

pact , 

are  s l i t a h 

action  of  ; 

i r c c t v i jl  v 

i (i-  i j.  i’.r)  , mi-  not 

tw  o- 

staqo  v a 1 v ■ 1 

with  st ivo 

o f r et)  , m 

. ich  iifit-i  from  the 

r irst 

in  te r m s o 

prolonqea  pause  (-1  -lay)  nt-tw>-‘n  t ho  tn-i  ol  tue>  siqn.il  of 
and  d isco v- ■ r y/opo n i.  :,  j basic  (uiscar  lin  j)  valve,  caused 

doable  jraduation  of  i rtion  and  by  the  inertness  of  ii jui  1 
channels  of  small  iorr. 

Hydrodynamic  pr-ssir-  of  liquid  jet  on  wall.  Practice 
in  particular  nirinq  c a leu  la  t icns  of  distributors  of  tin  -*  t 
- sh  utt  - r/ va  1 v-  , i s.-t’t ti.*  force  c£  pressure  of  fluid 
which  c . ••  r.s  i-  s o:  nozzle  tc  t -»e  barr  i^r/ofcst.  acie  (w  il 

in  net  is  pa  t f ( l i . A*>)  . 


c-  ?'i  - 1 
w h i cl 


on  ] i *-  ii 
r.  lire 


lr-  aril 
S ( V a 1 
f more 
or  cv.;u 
i • y t'r 
o n 1 1) 


1 in-, 
ype  n a 
t low, 
1)  , 


ar  ran  )•>/  1 >c: at  • I 
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Th-  Lcactiori  of  1 i ; ux  ! jt  t to  will  in  tne  ass  i'jnoi  !i  Loot  ion  is 
aeasureu  ,y  nro  jest  ion  or  this  a ir  -c*.  ion  of  a change  ir  -he  mom*-  r turn. 
The  for  c ; ot  tne  t t c • t of  flow  to  ilat/plana  motionless  wall  mot-- 
than  six  aia meters  xn  liamettr  of  jot  cross-sectiomi  area, 
arrange/located  per  pop  iiculat  to  t low  direction,  will  i - equal  on  the 
basis  of  tfo  theor  ►?..  of  mechanics  ibou*  mcirontmn  to  the  power  impulse 
per  second : 
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where  p - the  density  of  liquic;  u is  flow  cross  section. 

Actual  force  df  ji-ttis  or.  dista  rce  x betweer  the  nozzle  • i j ■-  hi  d 
the  will,  uocreasin  j luring  the  remove l/distance  of  nozzle  f roe 
ba  crier/of  st  ucle.  T.:-  1 is  canned  by  scattering  the  energy  : 

jet. 

Dur  I • ’ t u-  -ix  c irray  oi  wall  at  an  angle  0 for  flow  ir^rt  i • 
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(see  F i j . 25b)  this  f-  rcr 


Pt  — Qpu  sin  6;  P = Qpu  sin*  0;  Px  = Qpu  sin  0 cos  0. 


Ii  wall  is  bio  v i i the  sair.->  iirecticri , as  j.?t , at  a ra”- 
then  the  speed  of  the  rendezvous  of  jet  with  wall  decreases  ir 

re laticn 


u — o 
u 
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P = -^-(u  — t>)*  = p <0  (u  — v)2. 


S ptr  t tl  v or  t:i*.  0 i spldcewei.t  or  wall  usually  disregard  in  view  of 
its  relative  smallness. 

For  the  case  or  * ho  effect  of  jet  on  the  curvilinear  plat  (> 
(hemisphere  ) of  compai  -it  i vc-ly  small  si  ze/u  i u.e  ns  ions  (we  ta  k<  t i.o 
speed  ot  t low  equal  * j si  tea  ol  the  nozzle  outlet)  the  force  (Pic . 

2Uc ) 

P = p Qu  (1  — cos  a). 
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k*  the  obtuse  jl‘-  u (fie.  24ii)  , equal  to  180 


P = p Qu  (1  + cos  a^. 


/.  1 1 1 an  incr..M-5-.-  in  the  angle  a,  -he  pr^n'sur-' 
grow/ rise:  , reaching  luring  the  complete  rotation  o 


a n A a | 


0) 


P =r  2p Qu. 


■ 
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rotary  tot  it  y us.  ’ u;..  nent/movc  itpi.  t.  of  exit  5tccx/ro.i  ( sL  a f t ) . 


MECHANIC'-.:)  OF  A EC  1 LI  FA  A MCTIf  N . 


As  t ii:  actuating  mo-chan  is  n s of  rectilinear  action,  ar  • a;  i-o 


predominantly  ti.-.;  actuating  cylinders  (see  Fig,  la). 


Figure  ■in  gives  -nr  diagrams  or  the  cylinders  of  two  lasic 
types:  bilateral  (a  an.',  r)  and  ono-sided  (c)  action;  tho  piston 
(plur.  jt  r)  of  the  1 ■ • .-/la*  ter  cylinder  accoiapl  ishes  back  stroke  under 
spring  effect  or  ex'  /in  tl  forces. 

The  d r iv  in  g/ni  ovi  i i force  P o:  the?  stock/ red  of  cylinder  ana  * •:« 

speed  v of  iiis  disc  lacoment/movemen t not  allowing  for  losses  for 

friction,  coui.to  r pr-ss  ui  and  hydraulic  slipes  determine  iron, 
formulas 

P — pf  H V = -j-  , (31) 

C H = r)  I . A '] 
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where  t is  the  eii^ctiv.'  area  o!  piston ; 0 - volumetric  fluid  r low 
rate;  f = n D ‘ /4  - * ..  ! ect  ivr  area  or  piston  for  *ho  cylinder, 

present:!,  in  r'r,i.  .'t  i «u  ing  tU  supply  of  liquid  into  the  cavity, 
opposite  to  stod/roa ; = » (D?  - d?)  /4  - the  effective  area  of 

piston  tot  tie  cyl  i:  . ■ r,  t : t icrted  in  vij.  26a  < during  'he  : it  ; ly  o', 
liquid  into  cavity  stock/cod's  on  the  part  and  for  the  cylinder, 
presented  in  Fig.  i on;  here  D and  d are  diameters  of  piston  an  : 

st  cc  k/r od . 


r 


i 
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Th  esi  cy  1 1 1.  : < i i i. 

■'in)  J 1 in  prod  uct-  icn  , 

since  * o 

treat.  in<  .it  / v i c\  in  j i. . , 

jcot  only  Mirtiice  a oz 

fcuc.h  uni  -r 

f.r  :}c 

(plunger)  mJ  t i - ■ : ■ 

■ o -'ceu  i or  101  working 

the  surface 

cf 

cy 1 i n - i * i face. 

: /L  O 
in: 


either  to  ♦air  main  ii  • or  to  utainagr  (Fig.  26d)  , ther  it  will  see  a: 
possible  to  carry  out  i ot  h equal  speeds  with  direct/straight  -an.]  hacn 
strck-'r  and  different. 

Durii  j the  c >: c t ion/c  0114  curd  ot  left  cavity  with  tank,  the 

pistoi.  ui  in  the  action  of  tne  constant  forces  cl  the  pressure  of 

liquid  on  the  right  cavity  will  be  moved  to  the  left,  iurir.q  i + s 
connect  ion /coKipoum:  wit  i taaii:  pressure  line  the  piston  as  a resu]  ♦ of 
a difference  in  tit  f active  areas  will  no  moved  to  the  right  . 

Figure  2td  show.-,  that  with 


stock /toe  *r-  area  will  o-  2 times  Kss  t nan  the  area  of  cylinder. 
Etlectiv  areas  out  in-.,  rioter  stroke  into  both  sides  in  this  case 
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Figure  27  iii.pict.-  tin  analogous  a i -iqraui  ct  conntdnt  power  • : • : ; 1 y 

of  one  ot  the  cavit  iv:.  of  cylinder  by  ted  ns  of  tie  connection  -o  it 

of  hyiropne umatic  stoi  i n hitt  ei  y/accun  ulator.  Pump  i”  J.  i .>  iiaor  am 
connect  t.hiouqh  1 i or r ib u tor  1 with  ♦ |,e  rod  (loft)  cavity  or  actuating 

cyiind*  i i , .mu  st-jei  j-?  Latter y/accumul  itor  i connect  w i *-  h oppo.-.i**. 
(right)  cavit  y.  Dur^nj  our  ply  through  the  listtibutor  or  1 li  j ui  .3 
from  pump  into  tie  1 -f-  cavity  ct  cylinder  l,  which  corresponds  to 
his  working  course,  piston  is  iovi  <i  aid  displaces  to  the  right  li.uii 
from  riyi.t  cavity  of  itorage  battery/accumulator  i. 
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During  t i ' connc-c  r i s: /compound  >f  *he  left  cavity  of  cylinder  wit.1' 
tank  (in  t ho  position  ■>:  ’ i str  i i,  utor , shown  to  tne  rignt)  piston 
under  th*-  pit  uit  oi  » i.t-  liquid,  which  enters  trot  storage 
batter  y/accumulatoi  < - ...  right  cavity  c£  cylinder  2,  is  moved  to  the 
left  (iacK  eioK  . o:  l .t  on)  , 

Wit:.  *-hc  power  supply  of  the  left  cavity  of  cylinder  by  liquid 

< 

under  the  pressure  >t  PH  the  force,  developed  with  piston, 

P = J1S£LZ£1  pH Pan  ==  (D*  <**>  P„  - D'-Pa*,  (32) 

wii ei  e * ht  pH  - r h sressurt  of  power  supply  (forcing)  ; paK 

pressure  in  ston  utter  y/accumulatoi  ; D and  d are  diameters  ot 
cylinder  ai  i .v  on./r  >i  . 

W i.  ti  h t h o p o w ■ r 
lor ce  ( }■  i-  ;:iUL'r:  ot 


k A 


. .sily  of  cylinder  by  storage  batter  y/accumil i tor 
;utt  l we  aisle  jard) 


jtD* 

4 PaK • 


(33) 
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a hydraulic  ay at 


Sine-’  tin  pressur  •'  of  /><,*  in  stcca  4**  La tt  >r  y/accum  u la*  or 
during  pi  a tor;  stick  t . a result  or  a change  in  the  gas  volume  with 
the  d ij. placemen  t or  iiguiu  non  t : * right  cavity  oi  c/lindei  (with 
pi  st.  o r stro).  < to  - r i gl.t)  aid  power  supply  ( w i*-.  h r.  is*  or.  stroke  to 
the  left)  it  will  l • variable,  during  the  calculation  of  pa,  one 
should  accept  its  maximum  value  »r  Paumn  with  the 

d i r«c t/st r a igh  t (pump)  piston  stroke  of  cylinder  2 according 
expression  (12)  ar.  ! t re  minimum  Pm  mm  - with  rack  stroke 
according  to  expression  (11). 


The 
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'or  of  act u at i 

rig  sy  1 indt-r  w 

i th 

one-s idea 

t oc  x /r  o cl 

c 

a n 1 

e ensu 

red 

by  t lie  connect 

ion/co::. pound 

or  i'ot  i, 

cavities 

of  cylinde 

r 

wit! 

. one-s 

ide  i 

stock/rcd.  Fi 

gure  z»a  iepi 

C*  OIi^ 

or  t ne  ui 

a gratis  oi 

t h 

i s : 

; ystem. 

e ■ : u 

ipped  wit  a J is 

rrihution  val 

V • ' v,  i-  \ 

np gat  i v j 

over  raj  ( :. 

< 

t) 

it,  the 

mi  i 

-position  (see 

a 1 so  F i :•  . 44 

) • 

Page  hi . 


In  the  end  (1*1 t and 

; > 

i i <j  ■■  t ) 

.•os:  tier.  £ of  the  plunpe 

ot 

v a 1 

v<  , 

1 iqui  'i  e n t c r in  a r r o >n 

j un 

: 9 *■  *■"* 

directed  to  r os  ot  ct  ivel  y 

f 

l 

ox 

t I.e 

r ig nt 

ot  left  cavity  of  ac 

tu  it 

i ng  cy 

1 i nd  i , pro  vid l n f th  > 

Sp 

i of 

t Li 

displace  me  i.t/.-.o  v< o 

* or 

i t s 

is  ton  2,  wiii  cl:  coir,  spon 

. > 

t 

o th 

working  section  or  t 

hast 

Ill  v i t 

irs  [see  isio:  (J1) 

]. 

1 

r.  t n 

e 

a v er  a ge/in*  ?a  n posit  10 

n of 

t ht  p 

lung  •!,  t tie  chini.els,  wh 

1C 

i 

drive  ir  to 

tank,  aio  slocked  (t 

h-  y 

over  la 

i),  ai;  i 1 ot.  h cavities  of 

c 

y i 

i r (i  *- 

r 1 a L 1 

connected  between  t h 

■ • • 

Ives  a 

ra  with  the  channel  of  t 

ii  c 

i- 

u nt  p 

Xh L O U 1 ! 

the  slot  Ol  the  :i  -j  a i 

t i v e 

over  1 

d[  of  valve,  in  view  of 

w ;i 

ic 

h t li 

* 

pressures  ot  liquid 

i r t 

h e m w i 

li  Lo  equal  (hydraulic  f 

I X 

r-  f 

ion 

we 

disregard)  . As  a : - 

'il  t. 

plot  or. 

J under  the  jct.ion  of  * 

h d 

4- 

n o t 

balanced  as  a result 

ot 

a u i f t 

erer.ee  i r;  the  working  area 

t 

he  acti or. 

on  it  cl'  tit  [ ressur 

e Q £ 

1 ig  u i 

d is  moved  *-o  the  r i g n - . 

3i  nee  the  li  j u iu , displaced  in  rh  is  case  of  the  tight  cavity  of 
cylinder,  enters  its  I d t cavity,  the  piston  speed  of  vn  will  L^ 
determined  ny  the  re-1  of  the  Q*  of  pump  and  by  the  feed, 
displaced  from  the  right  cavity  of  the  cylinder  of  Q^w 


Port  , level  oj  3 o n pi  ston. 
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In  the  systasa  oi  mtomat ion,  t he  in d ica t.ed  connection/co  >oui 
of  the  iMviu-s  of  act  uati ng  cylinder  cn  t ho  enquired  ..  irt  or  - r.< 
course  of  its  piston  usually  is  realize!  with  tn ' oil  of  * V- 
supplementary  thrse-w.t  y distributor  (switen)  , controlled  by  my 
external  unit  (not*»nt  or  electric  switch),  figure  2Sb  show  s the 
diagram  of  system  with  sinilar  supplementary  1 ist r ib utor  1 an! 
cam/catch/ jaw  2,  3stai  1 i sh<  d/installod  on  the  stock/rod  >f  cylind  . 
1-  The  left  cavity  ci  cylinder  is  connects!  through  basic  i is-  i b ir 
4 with  farcin  i,  and  right  through  the  supplementary  with  jutt  r , is 
result  the  uiston  i s ' > v-  i to  the  right  at  a velocity,  whin, 
corresponds  to  its  wot  King  area  fro:;,  pressure  side.  However,  =»  f * r 
moving  .lims-lf  stocK/roi  will  e :nbe  i with  the  aid  of  the 
establish- i/install  -a  m it  cam/cat  cn/  jaw  the  plunger  of  listributo 
3,  the  left  ana  rig  it.  cavity  of  cylinder  they  are  connected  b-.  * w< -r. 
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the»s«lv>  i i.  1 w it)  ; •.>  r ,:in  i,  us  i result  r he  piston  wi  Li  1 ••  !•  )»■'.! 
the  same  direction,  . « u t it  a velocity,  let  or. mine!  uy  its  stock  /ro  I 
section.  ;'n  r ul  • a 0 ow  r of  detent  on  the  plunder  of  listii.mtot 
it  a j aia  will  iuov-  with  t h-->  iid  o£  spring  at  the  initial  over;,--  in 

position  (depict*!  on  Fig.  2fln)  , in  this  case  the  cavity  or  cylini 
again  tii-  y will  bo  sen. irate/ liberated  from  each  ither. 


The  examine  1 c jnn--c*  ion/conipound  is  applied  in  the  sy  ste  ms  i 
which  it  is  required  to  ensure,  for  example,  the  in-rupii  trover; 
cutting  tool  to  vor.q  i noe.  by  adjustment  on  the  stock/rod  of  * a- - 
cylinder  of  several  detents  is  represented  possible  to  obtain  t ; 
alternation  of  tn»?  tc  r i.  i - i uni  ruicic  traverses  ot  the  .cock/rou 
need  for  w h o p.  a p:>  nr;,  for  example  , with  the  bore  of  multi  w»‘j  ...i 


Ai  ag-h  i also  -.is-  power  cylinders  cf  cempoun 3 circuits  ( * 
stepped  piston,  to  L< ..cop  is  cyln  lors,  etc.)  . 


Figure  29  a a-g  is*  ; t he  diagram  of  cylinder  with  the  steppe  j 
pistor  wi  - ; rh  aia  of  « ich  i * is  possible  to  obtain  stveril  s;c 
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Nechdn  iana.  with  xlexible  se[arator.-;. 

For  U i-Oaliz  tt  ici.  ot  small  rectilinear  diopjace;;'  ^r.t/aiov  mor.t 
ir.  small  x ortv;  , a:  • applied  actuating  mechanisms  (hydraulic  s) 

with  ia.  r *c  u',7oi  j in  the  i or m of  £1  at/plano  (Fig.  iOa)  or 

figure  (Fig.  .10  i ir.  i cj  rul;i>.:r-£abtic  F iaphiag  ir/membrar  es.  V it the 
aid  ox  t..-  • : i apnr  a ; ./meml  taui;  it  is  rossinlc  to  ensure  ti-.--> 

complete  a ii  t i ; lit  .1,  . >.  x connect  ion/coiapound  anti  simultanaou.il  y . ndl 

friction,  iur.  ■;  re  ion  m embt  ane/d  iaphragm  uiecnar.isins  they  r on:  : 

Use  boti.  ii  i.y.iro-  ai.  . ii  pneumatic  systems  at  small  (3-10  i.  |f  /cr  ?) 
pres  sure 

FI  t nil.:  ter  ( • . rig.  JOa)  it  differs  ii,  terms  of  r i n j ; 1 ieft  y ; 

however,  : * . -i  iv*  area  changes  during  tne  displaces  a.  t/mc  vc  !!•«•:  ts 

cf  cer.tr  i lore  irt  no  - than  the  of  teot  ive  area  ct  d iaphia  j n/:n^n>brai  • ; 
with  rijui-  eiart  r<  ,-a  r * (set  Fig.  10b  and  c)  . Furthermore  , th-  Fiat 
diameter  i llow/assum---  *h*  considerably  less  course  or  c-c.  **-  x ir. 
comparison  with  f i } a , which  all  ow/nsaumo  certain  saug  in  j/def  li  ct  ion 
cf  o ia;  ! • a t im/ :.n::  ri  i ...  *:-.aout  the  elongation  or  fabric. 


■ 
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FiijUic  31  1 joci.,  *• n*  diagram  ot  criv-  -with  * he  • J i .crn « • : i a i ;i  • • * i, 

irntidl  faiji  of  rfh  ich  i shcwr  ~y  1 token  linos.  Under  t icti  or  of 
1 odd  i an'  of  i oi'Ov  ■ ot  rrrssut*  , tne  diaphragayaieuhranv  a cat--  ♦ < r.  * n ■-> 
form,  st  own  ir.  the  .iiigraro. 


Inc  taxiiuB1  coat  of  dished  diameters  (see  Fig.  30c)  is 
ap|.roxi:i  io  * i y o yu  1 1 to  their  aual  heig  1 t/a  1 ti  t udo  h-  lhe  e.  ixi".  ut 
course  of  the  noire  j <*  • : diaphragm,  of  iiap  nr  ay  m/me  mlr  a r.es  (see  I i :. 
301)  is  Uci  1 dpproxi"  t*  - ly  to  w id  * h a rings  or  to  its  dual 

he  igh  t/a  It  ; T ud*.  ;•  . 7.,  course  ct  tlat  diameters  (son  Fig.  JO  a)  r u:  * 
not  e-xce.'c  7-  10  0/0  oi  ii  t me  tel  D of  the*  circumference  of  t nc  -r : 
stcppii  j 1 • . 


1 


Ft  nii 

1 .*.  r.e/n  i a 

I a j irt 

h y n r a u 

lac 

( je>  U *~ 

uroatic)  actuating 

rveh  ir  i : ir  1 

the  pii  ci. 

0 n pe  r 

I t ' l ; 

»■  el as* 

ic  L 

ing 

1 , with  center  of 

w r i c hi  is 

comifc  hit 

t h<  i Oil  7 

( * 

F i i . 3 

1)  - 

A r.  a 

rule#  t f i s ring  1 

1 s tt.->  r i 0 i 

ce  n t e r , i 

iu  inetci  a 

01  w! 

icl  is 

u . 7 

r>-0. 

f* 5 diameters  d or 

t ht  gat  mini 

cf  ring  1 

n oMsir  j 

. 

Ir  'iTonitic-  1.  / ! l a ul  ic- pr  e 11  mat  i c equipment  are  copmon  a l • ♦ 

metallic  cor  ruga* ' i 1 :•!  ray  ms  (from  bory  Ilium  Ironz**  or 


h 


ch  to  1 ' - 1 i h Oy  ) '/  :i  , • • * 1 1 c a 1 (11).  32 . ) * y f f - . Sy  m IT  ■ t r l Ca  1 

diaphrd--jBi/ni*.Mal.ran<-*  > . ♦ ai  !.»*o  l y «■  » a i.  :•  o:  the  w loinq  of  -wo 

j 

asymmetric  i ta.  iu  \ ; ai/m . ; r a rot. 

Tit  strain  jf  ;uch  d in  phr  ay  ir/mo  ;n  ii  tanes  ij  th«  function  of  •. 
jump/d  Tup  It:  t;  - pi-:.  ’I!  - A V = |i  * p?  dnu  In  t ho  ext*  -l  r.J  1 lo.4  . F . 

Strain  comprises  to  o/o  rot  t l.«  u iaphl  ig  a/ me  ail  I uu  ..  c>  :r  m ? - r to  a 1 if: 

2-3o/c  or  t.ir-  :ia m-t^r  of  r top  tine  up  for  t up  uiaphra-ja/j- si  ran-:; 
asymmetric  typer:. 

fi-,ur>  J2<:  j i v curve:,  of  dependences  x = f (:)  for 

symmetrical  an  i Fig.  12:  - toi  dsywr.etiic  the  tyn-s  of  ♦ r.e 
diaptiLuig.'./r  t-.T^rar  ■ ; :rov  that  the  ch  a ra  ct  er  ist  ics  lnv<  • it  :r;. 

virtually  lit.  -,ii  sc  o»  ioi  AB. 

Fore.  tr.  "10;  cent  r o*  diaphiacjst/siemUrane.  The  important 
paramet-  t oi  b*  miira  t.*  / liophra-j  r device  fs  the  t tree-  rvo  area  if  - • 
diaphrayp*/ :-.v  »L-ran,»  w.  i . • toi  air  * s the  developed  ii  ♦ i.*  c*  * •.  <•: 
di  aphrag  m/mom  1 1 an  e n • rr  the  iit  ect.  icn,  perf  cr.  Jicular  to  - ! • plan* 

cl  its  ju  mini  n.j.  'Jr.  i : ♦ iu.-  ‘■‘ftective  area  cl  d ia  p hr  agai/a,-  rat,  - 1.  * 
general  'are,  t:  ur  ! *i  tool  t h i.  area,  which  while  that  w n ich  »Co 
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Et  feet ivo  ai  * *ii  -r  ii.i5  Loti’  or.  tht  design  f u raroetc-rs  dr.  i or'  -i 

seri<?o  ol  other  r i :*ih  .;  (cours*  or  the-  certtr  of  aiaphr ag m/a h in ne 
anu  t ht  : a i .irv.--.5-.  it  . itorial,  a jump/droj  it.  the  pressure:  , ■••tr.)  , 

the  determination  o 1 >.  ffect  ol  which  is  usually  difficult.  In  v i > » of 
this  etc ct  ivi  a;  - i - y calculate  with  small  (dost  to  /.nto) 

saggin  1 i.-ct  ion.-:  ling  to  the  a pproxima  t j on  formulas  «i  tf  *h- 

subsegu-  i.  * e xye  r i n, - .*  a 1 check. 

Si  in  pi*  ic  th-  actuating  mechanism  in  which  the 

diaphray ./r  cuLiane  on  nan  rigid  center.  The  design  diagram  or  *! 
mechani.it.,  ir.  oh  own  ; : fig.  )Ja.  Surface  area  s of  ,i  iaph  rag  m/m  • u h i d r .. 

car.  he  cor  d it  iona  1 1 / b rok  «i  into  a series  or  the  element  ir  y i.osc  ] ■ j 
triangle-  with  ape  x/V'-rtexes  m the  center  of  diaphragm/me  mbra  m ai  i 

basis/:  a:,  . : at  t.t-  iu  't  of  ti,eii  at  ac inner.  * . In  this  can  , it  is 

possicl'  tn  assume  t st  resultant  fore*  cf  the  pressure  of  woming 
medium  or.  * ic,.  ♦.  r ia  ;ig  1 is  applied  at  a distance  p,  oyua  1 to  1/3 
heigh  t/ci  i t it  uu- ■ s \>  / triangle  from  basis/fcase.  The  respect  i v • ] y 

be  a i in  „•  pr«.  ssuit  ol  .-1  i.ei.taty  triangle  with  an  area  of  s0  will  n- 

inversely  j roeort  i o:i«  - > distance  fror  support  to  the  point  of  - 


appl heat 

ion/at>pon>i  i x o f 

& 

SU  ltd  l:  t.  It 

is  obvious  that  tlo  sum  ■>* 

bear l n j 

. i ssure  wi  th  t 

ii  i 

s assumption 

will  he 

approximately  e ;>r:  I ~ > 

2/3pS  ol 

the  duct  Ol  -j.; 

in  m 

ir,g  a n i 1/  ip; 

i ot  t tic 

center  or 

diaid.  r : ■, 

/ \ • ■ " i>  r a no  . 
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It:  aceo  i • 1 1:  c - *’  irh  this  iorct  F 01  thr  pressure  of  walking 
median,  transferred  t > tin  center  of  this  diaphragm/membra n<  , 
fastened  on  out^r  ; vr  , w i ■*-  n it;:  location  in  plan.:  (with  zero 
sagging/uo  t 1 ret  ion) 


where  ..  i.-;  -.n-  tif  rer  enr.ial,  which  act  or. 

diaph  ragir./iiieni  ir  an  -• ; • ir!)?/4  - the  total  area  cf  diaphra  j t./jn-a  .a  me 

accorliiij  * ) iiamr  *•  . D ox  ‘he  at  ta  ch  ai^nt  of  duct  in  honriia. 

Page  r>7. 
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KOI'C"  Ol  * ..  • i ; 14  - r)E/ll't  D I LdliO,  to  hioh  i:  1 : Tiji:  O i r 

increase-  1 j ' i.-  u: ru  1 I over-  ot  d i d p h r a • j » / ir  a o t a r. «. 1 in  i ♦ 
estdLlii.ii/iiist-iil  i : j . ! support  (center)  a with  a <li  ina  ‘or 

33L)  . 

Tlit  calculation  ot  useful  force  an  d effective  area  of 
ire  mb  r a n*  / 1 i a p’a  r a j ii  a.  ic  is  conducted  also  in  tnis  case  n 
assumption  t at  - a<  ;i  i; ; r an  e/d  ia  ph  ra  j m fabric  i assesses  tl. 
elasticity,  and  nn  . . ),ii.  j/d*-l  lt'trtior  of  d ia  p nra  j n/membra 
to  zero. 

Let  i.  iso  la*  • on  th  a eiit.ctivo  surface  ol  flat/plane 
lecihran /;  iati::r  ajiii  rir  j 1 1 >-  - 1 t.  * a r v circular  area/si  * c* 
dp,  inov-  .Jij  triii  * . ••  center  ot  1 iap  i-.ra  ■,  m/mem  tr  a r;o  ut  *o 
p.  Fore-  fio;;  f f^ct  >•  pressure  ( (counter pressure  w-  nis 
this  sur  i i < . 1 - „iont 

dF  — dSp  = 2npp  dp 

will  1-  » : ■ a.  i • * . i.'o:  i 1.  / mot  i le  in  axial  oir-ct  iot  ri 

and  tn>  >♦  ior.Ii  i . ct  * he-  external  jamminq  of 
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>/V;-  \ 


a n d 1 


devc  1 


coii  v ■ i f i i:  j , will  cotcvin 


Ft 


np  I 

L 

3 1 

l 4 H 

‘ 4 

2 ) 

p will  -i  l.;o  act  or  rijid  center  v it.  )■,  ,in  ai -a  of 
c r i r.  j force 


DOC 


n )‘m>  i > 


' .1  - I' 


t v r 


Coin  ;>i 
taken  co  it  a 


A it  e r 

cbtd i n 


Ef  t ec 
(saggit  ;/: 
given  calc 
did  win  t<.  g i;  / 
sa  gy  i ng/  - 
plane  oi  t. 
coinc  id 
(see  Fig. 


3 


.*•  fo;c<  r , dvelo;cu  w i»h  d i aph  r ig  11  /in  ■ ’in  bra  1 ■ u »■:  * 

u 1 o:  £•  ro  .;a  gying/dof  iec Hon , 


Ft. 


u lei t itu‘  ir  j va  1 uos 


ind  F ,>  and  by  converting,  ■> 


F = -^-(D’  + Dd  + d2). 


(35) 


* of  t no 

v i i. : . . > 

1 1C* 

rent/movomert  0 

l rigid  center 

‘ L lec tio 

I.  OI 

: 1 j ; 

hrag  ra/mem  Era  ne) 

to  effective  ai 

ea.  . . 

u latioi. 

L i 

educed  01  t i , a: cun 

f tion  t'n a t t le- 

ito  in  i rdi.  _• 

1 

C 1* 

• ; in  th<  w j i-  ;■ 

o - it  i cn  ( i *■  r.  a r. 

i > ig 

: lection 

) » i. 

• / 

under  tie-  a sou  ni 

Lt.or.  or  t h 0 f a c 

* tii-i* 

h>-  Stopj) 

i n ; >1 

{ 01 

d i i j • h i i g irt/inc  ra  1> 

r a n 0 in  rigid  c~ 

T-  * > ^ 

with  the 

pi  a n 

• of 

i * st  opoi r j 11 

p in  external  n« 

1 iilie  V- 

33  t and 

141)  . 

i OI 

til.;  calculate 

•1  case  ip  the 

ua ti on 

woiki  i:  ; ( 1 ) * > | ! i : j /lot  1 cc*  i cn  ct  >J  i i:  hr  lqir/umu;  bi  i:ii‘  !<>«•  . 

not  n t * i . 

now  v -r,  *i  - »«r*  ill  w ruin  i torci  cf  li.i  oi.r  i r nu,  j*-  - 

wit!.  ; • , , , , i <,/  ! ■ l ' . r , i.  ■ . , t •!«.»  . r * ic:  <:  1. 1 r no  tor  i;t  ir  } t 

diaj.hfrt  j .■  / t • n>  i i •»»»•  'i-  • ti.->  lot  in 

F = / (*), 

whil  t‘  x : . i , j i .i  : I < ;t  ion  of  u l i ; li  i i j ./"■->  mi  r i :i 

In  vn  w t„  j ; i , )Vin  s ri  jid  c«-  nt-r  f rc»  th^  dv.  M 

{neutru  i)  . * i ■ , * . .*  oi  »:*•• , <i  .‘V  > I oj  *■  J : y i i a f i.i  i jin/ff  ■;  ; : i n , 

C h cl  I.  3 i . 
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disc  1 ac: 
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: v 1 r I i i’ll 

1.5  U £:OI*  t 

raiu.itioi;  d iaphragm/i;.  »:s  nr  iiu  tn  1 : * • 

act  1 on 
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>it  l ■ i 

or  1,  ao pic  ted  cn  r'i).  is  n brox • n 

1 i lie  s , 

11. 

position  > 
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S _-L 
*•*  - x ’ 


where  x i - .1  • cou;  . •>.*  the  wd.ther  >f  i i a ;)nrd  g m/:nmn;.  r me , «•  :->ir  : 

accoi 1 ii,  , r j .t  s ul  Van.  . 


It  »••  avail  y * curr-r.*  force  p,  develops  i wi*  .1 
d iai'h  rr:  tin  / ;i ; t 0 ~ , :i  1 t re.  pressure  ot  1 i jui  i [,  then  ic.  t ' .•  cerci 
etfcctiv  ar*-  1 or  1 1.1  mu  \ j ir./  m*  ni.rane 


S*  = F/p. 


will  It  ui.  : t ot  i ' • .Uj  1 cor.i  it  ior:.;  u i El  >:•  i r n ♦ . 


Virt  ijnli  , * . ■ ' ji  . i • r r [ a t the  t i f *-c  t i vf  area  oi 

ft  i d[.  hr  a > j . '/ 1 • ti  i ia  ii  - . ;et  ot  <:  1 y thf  area  of  circumtcrs  r.c  : . t '.«■ 

did  met*  i ) : t.;-  D„p,  carrie-o  out  from  the  a;  tx  ot  cuvf  of  r'  « 

saqyin<.  ( - ; j in  q/  i * f 1 > i or, ) of  tn»  mbrare/d  iaph  td-jp  faoi  io  (Fi  i . 4 *»  • • ) : 

s -nD« 
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the  effect!  v<  uea  ions  not  iepend  oji  t he  f or n oi  tor  ru  9 at  ioi  i: 
ptessui  o i 1 1 1 ei  >.  i!  t i .i  i a ini  g t.' t f-i  in  i noc  (nor  iilowino  : or  •!  ir.i  « ir,  : 

of  idt*  ii  .ii)  accord  iii  j ♦ •>  r-  juati  on  (3  9)  . 


D u r 

: : « iic  i 

•>  i i c«'ir 

eat  o 

i riyi 

d 

cento- 

f t C T 

free  > it io i ; • i 

34  L) 

is 

i v -jd 

t h 

o ^ : r*  a 

C ii 

t he  e 

f f 

oct.  i vc 

area. 

cat:.:.;  ; •,  • . ' 

p Less 

Ul  e 

which  wi 

1 1 

rx  tii 

■ ; ; ■ 

th 

(>  jrt  jt 

et  to 

• ‘ i • ; ! • . 

Frora 

Fi-i 

. > 4 1 it 

i 1 > 

How 

" i ar 

!!.::<  1 ;il  1 

il 

v u o s s i 

ole  ! 

is  pi  a r ’ t ' 

Liji  <i 

CO 

m ■'i  i:  oui 

i 

r-*  fo 

i t in 

F:  ( r ot 

<3 

1 1 ow  i ii  j 

1 CL 

the  : r i «■  i ' : >.  * 

materi.ii  > ; L>  l is 


(35)  \ . i ( • i - i . 


D-  > i ,i  :un;  '.j  -a-  1 isplaceaer.  t or.  the  rigid  c*nt<-r  of  t ’ 

tore*-*,  • v ■ loped  w i t.i  liaphra  qir/nifcmbr.ine,  is  caused  ny  1 chanp  m 


t he  0 £ i 

• ' t 1 V O a 

r - a 

) : .last  ic;  un.j,  an 

1 also 

fact  that  in  pros  ii'iti: 

to  the 

j.  n ci  > 1.  • 

in 

tr.  - 1 i gging/dv f ijc t 

r 0 n or 

me  mil  r 1 no/j  ia dr  a ; t 

f a 0 r i : 

it  . Last 

ic 

is  t ransf or med , on  w 

hat  is 

e x pe ri u /co n s u m « • •.:  :•  1:  * or 

th«  for 

i •••’/ 

■10t> 

i a i t h t lie  rr  essu  r«* 

of  Bed 

1 i un>,  appropr  i a*  1 

vertical  com  ponect  u . ule  stress  of  me  ir  brane/d  ia  p(ir  1 i m f a ; r ic . 


I'l.i.,  fust  ,jj  ill  concerns  flat  iiamc-turs  (sec.  1’in.  31),  view 

of  which  i urine  r:,  i:  ralculat  ion  accorair.-j  to  formula  (35)  is 

introduce  i correct  i ■?:.  factor  01  k.  in  this  case,  the  calcu  Lit  10:. 
fciKUla  ” » <t;s  t he  tor  . 

Sd  = A:-^(D2  + Dd  + dJ), 

icirnt  ; here  5 3 - the  real  and 

i or  a i aphr  acjm/mem  trane. 


w ne re  k 
calcula t ■ 


S» 

s 


- co.-rr 

root  i v :■  a r : 


Co  eft  i < i lit.  f.  (K[)-.  is  >j:  the  com.:'  • of  i i a p hr  aqai/a  •-  * bra  it  j-i  o;-  ^ 

of  mat'  Li  if  \ mi  r iu>  1/L>.  Hot  a/D  - 0 . S a i. the  ruute'r  izo.:  lustre 

this  cot  f : ic  i r t . accepted  with  small  coutH-  o jua  1 to  g.  <7.  lor 

t.hc  vr  ido.,;.  read  in  tact  ict  ratio  <i/D  = O.h  value  t.  ~~  1. 

:>*•••  p n • a nee  ">  r t h ^ff-'Ctive  a t oa  cl  i i ap  hr  aq  m/mem  i;r  c n or. 

press  Ufa  i i f f ; l *.n  t i,t  1 . Tht  -:>t;cun<i  in  significance  reason  for  < c!  at  : • 

in  the  • ffcctrv  n-  j ir.h  ,iis-  ut  banc  ?./l  reakdowr.  or  th?  .ta  t i li -v  of 
the  chdi-n:*  eristics  or  ] iat  hrag  m/irenera  nee  is  the  act  i or.  o*  [’  .cirt 

differential,  r:  _•  d *p- -a  deuce  ot  rho  effective  area  of 
diaphraijcn/membranes  or  t h < pressure  iifferantial  in  essence  is  caus 
by  the  .trail.  (iiu  j in  j)  ot  a*«-ir.  i ran-ydiaphra  jm  fabric  ut.ler  rn.  act  j os. 
of  the  t'  rc.il--  rtr  ;c  ,,  deter  pinel  by  th  is  jusip/d  rop. 


.v'  it  t.  * i.-  loading  of  clastic  ii  ia  p!-.  r ag  m/meat  1 1 a ties  the  pr*  csir.  • 
differential  they  -iciliiro  noli  ceai:  1*  hardness  *s  a result  o+  a char  ••• 
ir.  the  t-ifective  ii  i in  moving  rigid  coutl. 

riuui-  14c  .;,.o  e-i  tie  diagram  or  * i.  cav'l  in  t lex  i.  If- 
diaphrag  ih/l  -mu  rane,  wh  ic:  is  locates  order  certain  low  ore -ir 

(solid  1 : t c ) . I 1 s :t  c;  ive  -u  • i,  deter  -nined  for  tdt  posi  *■  ion  * 


* 
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1 1.  aurou..i*  ir  y i:  » ulic-pr.eumat  ic  equipment  arc  a up]  i<_  1 
actuating  le-ci.  n '..>«•  «ita  -uviutor  ii  the  torn-  >r  evliili: 
bellows  (’Ij.  3ba)  . Llow  ■ manufacture  from  metals  mi 


wo:  k a t LI  pres  sue 


1 1 oa  i:  or.  u- t r i ] 1 i c :.a  * ■ r i 1 1 ->  ( r u 1 


dit  ler  - r-T  t l a-  * i •'  ) . 


M<  t til  lie:  .,*.11  ow..  i i or.e-  ar.ii  mult  ilayei  (to  five  lay1 
where  o:  u 1 ♦ i 1 tv-  r • •llow-:,  u 1 lo  w /as: . ume  w at  n the  ov  <- 

thick  a**  , is  i r.  3 1 - 1 i y c r , an  u with  tie  same  sizo/iimer.si  o 
consider.:  1 y latjer  out:  wath  id  r.ticil  lead,  praiissitl 

lor  non metal lac  bellows  to  i- : kgf/cm®,  for  the  single- lay 
bellows  or  small  : l a ■ * ■ : *o  .si.  n.jt/cit*  and  largo  (>1r>J  me 
kgf/cni?.  'mi  It. luy  -r  . i 1 ows  &«•  '1  t t in  less  sN*  , ii 

for  operating  ; t-  >•  n *o  1o0  k jt/rm2.  in-  applicdtion/u* 
bellows  :.  i.  :.:,-cial  j < v-i n*  a g*-s  un  i i condit  ions,  of  the  low  « .. 
tem  pe  rat.,;  r • ■.»  a ,iOo  • vu  l i • is  linitcd  •:  v the  material  tio*  wj.icv 
made  ti.  - be  1 1 ow  . . 
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the  m can  : 

i 1 !l 

ter  or  t h 

Dcp  of  cotru  jutic 

n o 

(Sa,>  ?i  j.  it  t ) , 
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accord  t i.c< 

W i, 

th  wtiic:.  th* 

force,  developed  v» 

i t h 

hallows  d u l i i ; g 

the 

action  o: 

T i.  • . 

i nr  er  ii  i i | i 

■ ■ssiu*'  of  iiguid,  c 

i n 

j‘t  up  or  > xi  a at  ol 

' t 

d is regal  : 

I*  j 

the  if  tec t 

t th*-  harur-oss  ot  the 

mat er ia i o t he  l 

I J w . , , 

is  ca leu  I a 

t Oil 

as  prod net 

or  pressure  [ cn  tn 

? a 

r ■ * ■ i of  ~ i r 2 1 1 • w 

1 1 h t 

uiear.  diai" 

r C-  I 

of  the  Dp: 

P — Fp=  ^-pD'cp, 


where  F = -fS- 


&cp  — 


_ P|  + 
2 


here  Dj  i:.  i D ? a: 

cor r u ga * i on. 


i useful  (irfective)  urti  ot  oellows; 
j--  in  iidire  ter  ot  the  corruaa*  ions  ot  bellow.:, 
>r  aiiti  ir.  t«  r nalizations  * he  j i a ire  t • i of 


Virtually  tin.  r -lit  ion  of  •*x-<-rna  1 /?„  and  internal  R,  oi 

radii  comprises 
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* ~ r m indti on  of  -a f 

1 -c 

* i Vrr 

dianotar  (th 

area  or  u 

'llo*.;)  can 

. ■ pr  o duct  d o n 1 y 

• / 

B doU 

: >ment»  \ * * 

that  r.  re- 

:)!'■ * ml  ar  • d i i 

i . r*- nt  ial  A r , w ni 

ch 

acts 

fro  it  i:ia  lie. 

bellow 

.)  V 1 1 11  <?  Ax, 

• I'M  t f tor  ltd  la  r.c  i 

n J 

th  13 

■j  unt  t;/d  foj  by 

force 

tu  ay  calc  ul 

-i  - •-  the*  tifoc'iVf 

-in  i of 

bellows  icc 
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• >xt  "* 

Oi  1 1 r. 
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5i-  1 i a ii  a i n s : 

- ; c - ! t ,ir.  u fac*  u r e 

by 

two  at  t c is: 

by  tin 

ro  11 1 

no- out  of  tail 

~ * ill  ' i . ' a r I c . > s 

pit 

* C"*5-  36  b) 

n i r y 

the  i- 

ro/:  :<r  . or 

• : . j it  - •;  hapt  u r o.  r 

'■■Je 

( F i -J  • it  c)  . 

burin j 

production  • • 1 1 o * •.  it  -•  1 u -?■:  'idi.net  it  is  r r-as-nte  u 

to  ottuin  t con  i j :*  it  ris  of  any  heitjht/ri  ltitud?,  *':i?rst3 
heiy  Lt/i  1 1 1 •:  u . •>;  tn  rorntjotior.-,  prepared  ty  rollir  j-on 

limit  on  . < t . o j ; i f 1 i * v o:  tin  a r a * i a j or  mat-;  rial.  T:.c  i 
welded  I iowo  allow/:  --.j  i.n  _ at  the  j-ni"’  len-Jth  nijiar  i ;uc 
(course)  , t ,i  a ;;  ; il-vw.  . rou  aucts.  Tl  c posc-iuil  i*  y or  an  ii 
tht  reduet  jo:,  if  c m j alee  J y t ;.  < > fact  t:i./  re  corruaitt  > 

these  J f-iio«r.  n i ;.>i  !-!<•  to  give  r j is  form  in  oru-r  tin 

would  t-  m ■ j l oi.<  lr.  i r . i. 


Moment  hyd  r .1  ulxe  : > 1 i i : ’ (T  u i r •-!  ■ ■) 


For  »he  recurrent-:  at  ji  v potions  or  t ;tu  jiven  ro.iro  to  a;  i.. -3 
letio  ti  di  !o0°,  i : i i 1 i f-u  tin  men  on t hylraalic  cylin  :•  r nr  t h- 

turner,  wl  ic..  i.;  volu..  'trie  hydraulic  enjine  with  the 
recurm  r-  rotary  r ■ 1 d t i v < to  h o ua  i r 'j  "■  or  i " o t o pe  t a t i i.  j u .. : * ( • • • 

37)  . 

M o m > r.  * a y .1  : a u i i ' e y i i n ■ i*.  r c oi.  > is  t z o : the  hn  ;i.  ■ i n j o : 1 <-. 

rotary  rotor,  which  i.  bush  in*  h,  carrying  plate  (;.l  1.1  : /va  t-)  . 1 

annular  j a js  ,i  j t b e*  w ■ ■ ■ n t he  r i r cylinder  t ict  and  the  nroi  1 

divide*;  i ilii  - cro  » ■ coiiiioctior.  wit.  r.  tne  springy 

clampiiij/^i  jhte  mu  j ro  t j*.  < rotor  of  sealing  cell/element 

P d y f?  6 J • 


Dunn  t t.h  • supply  or  ii-aui  1 unin  the  presm 
upper  channel  ( r i j . 37  i . ..cws  ly  ai  I ow/poinm ) r 

2 will  ; ■ tun  cl  Th<  sh a . t posit : i > i ol 

w o r k i in;  t i a * u : 'i  t 1 l y i o » . 


• af  pp  i:  -o  * 
ate  3 with  u u.  i.  i ■ ; 
cylin  lor  will  o r • 


rot  t-xc^eil  270-lMD0 
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’hi-  c.ii.CU''. 


i c ! t mi.  *l.o  ;l,ao  o: 


cylindt-i  i 1 jueitti  on  wit;,  y no  ; lat  ■ i ;>  e jua  1 to  t proa uct  * c l o* 
p,  <jr v.  It  . : * ; . pressur < different  >i  the  liquid  of  Ap  = pp  — Pa 


on  of  t*  <:•  i v>-  ar  ••.(  o;  ; ! . • , ■’  »i  rm 


ipp  i ication/apperdi  x ot 


th its  i< 


i n i : . - u;  i rotational  axis  to  the  center  of  ; i a-,  u r 


cf  t h - 


. * iv*  ti  - . i .<i  ; lat.-  , R Fi  !I.  37, t)  : 


M = Pp  — ApFp. 


p i y u r <•  3 7d  iiiicw:-.  that  the  effective  tr».  i o i plate 


ana  the  ,joii  ot  »pj  1 i c.i  t ron/api  oiriix  try 

D D — d D +d 

p = -r i = i 


DUC 


7 7 )’Vj  1;;  v 


r a t ; 


1 1 t , i : . : w*  - ; • T , • c 1 1 c u 1 i t. . ■ i torsional  a 


M = Pp  = bpFp  = *L(P-J)b . j2+±  cP), 


where  t h ■ bp 
woriciny  ( pp ) 

d it  e cy  lir:  i-r 

alonij  1 1.  jx... 


*■  he  audit  or  cy  Under  will  b>  j 


— pp  — pCA  - the  ire^suro  differential  hot 
and  drain  age  {pad  by  ‘he  cavities  of  c 
tor-  i.i  1 1.~*  dian  e-.  or  oc  rotor;  t - tha 
ot  c:  y 1 ; r,  i- r (lar;t;.  of  cylinder). 


til.  i l k l 


V IOC!  t y w 
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f ixo  con  1 : r 1 >n  ■>:  * .i  e i ua  1 i t y oi  t r 1 uid  t lo  » t-i" 
volum*  » i • / . late  for  unit  tira<  : 

Q = 


a !.  a or 


where  t i o««  it  will  !>*  dft  ouniiuM 
center  oi  M'H.isur11  ot  platt  . 


t he  per  ij  heri  1 sp  :•  i 


o : 


oUD-:  t it  u*in  j value. 


■ r\  J D 4“  d 

F — D d b and  v0K  = cop  — <o  — ^ , 


we  will  o,  ♦ x ir, 


Q=a>°p-.»J=±b=^(D'-cP). 


8Q  _ 

w — (D*  ~d-)  b ■ 


Tit-  actual  tor  . u /so:"-.  i;  + oi  M#  and  the  .in.iilu  v lo::i  •./  <r 
m*  wall  ’ less  t .•!<*:•  1 1 ••  calculated  in  connection  wit  j t h'  ; l--:  :.c  • 
losses  of  f r ict  i on  an  1 hydraulic  stipe:-,  cnar  acteriz  >:i  n-oci.  1.1:  I 

’l»  anil  voiur.'tric  hos  the  efficiency  cf  Hie  hydraulic  ovr  i : : •'r : 


- 


where  7 i ■■  a 1 * u it  t:  _■  z o . plates  (t  it  tons)  . 

Fci  a ii  yir  aulie  c 7 J in del  with  oiu  tlate,  + he  -j  r j I of  io'-r.’or 
of  cutiu’  . ha:t  can  r a cl.  28U°,  with  twe  - 1 40°.  Hydraulic  evil  v.!--r£ 
act  d it  chary 0 i it  no:  to  th<-  5 l -assure  different  ial  200-  idu 

ky  f/c  ir?  . 


Sj-i-ciiieul  ly,  . 'i  t • » add. in ? * oo  1 1>  widely  i.;  ipoii  t .-iwi v<  1 


J 
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For  T i.  .•  transi  or®  u tion  oi  th-  forward  motion  of  ii-;-or  i » o 
rotary,  Lie  itien  tl  / l-*  a Ml  no  s;  lino-  helical  medium  in  ( F i - . ’jHc)  . 

Sight  s-,toc:k/ro;  1 i ■ .<  ecat  cd  in  T!  fm.i  or  cci-w/d:  op  11  or  wi*. 

angle  or  'cent  t - 70°,  tl.it  er.  tc  n-  i r.  to  gallery  2,  that  is  ■ i* 

cylin.1*- 1 uh  icco® j.1  li  . fi i n g only  rotary  motions.  Piston  13  fir  : iron 
rotary  motions  with  th  a i : of  splined  joint  of  its  loft  s*  u-./’.o; 
with  the  splined  hu  i n .1  of  actuating  cylinder. 

Page  6r. 

In  this  cast*  during  ti  ixial  d isj.  la cements  of  piston,  nut  2 and, 

consequently,  also  x~t  cyliiioei  accomplish  rotary  motions. 

Displacement  n 0.  listen  ard  anjlo  * the  rotation  of  rut 
connected  vita  sin  j 1 • * .tread  l > expressions 

h *P  c JtfCtR  a ■ <p  _ d tg  a • <p 

2n  2n  ~ 2 ’ 


where  s i 1 - t->-j  uni  the  .near.  or  *■  u . cut  tin  : oi 

screw /\  i o'f*.  1 i • n ; a * aic-  ai. -1-  ~ of  isc*.  at  oi  thL’.j}  a i ■ . < 

of  nut. 


Ti  ■ injular  velocity  of  exit  cynni 


ie  r 


30s 


r a d /s  t 


where  v i.a  a lineal  j-j.-3t.oi:  3j.it  a. 


Tii  - - t oi  si  on  1 1 :.op  t y fluid  flow  rate  Q of  * his  d r i v ■ 

M = pF  tg  (a  + n)  r. 


Q — — 


F-2rn  tg  a<p 


360 
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where  [ rs  >i  liquid ; i - th<  mean  radius  of  ♦.  a i - 

screw;  p - * ;*.*  «.  a .j  ] • •> : friction  >•  - piston  cltaranc--. 

Meci-'i  iiisins  of  uen  type  are  designed  for  pressures  tc 

kg  f/c  m? . 

Mechanisms  (hydraulic  motors)  of  rotary  action. 

As  r h-  ic-uarinp  .i.echa  i.ir  ms  ( hydraulic  -ngir  ._)  or  r . 
serve  the  hydraulic  n ichir-t  (hyur-iulic  rooters)  of  the  sac 
concept,  at  puenp.:,  out  i 1 1 ti.  t slide-valve  ( valvole-ss)  1: 
cf  1 i jin  • . 

It  i o * .•  t i.-j:  ; iy  oi  c.yriruulic  mot or  is  realized  oiti.r 
common/']*  a,.,  r ..1/’ or  1 1 -y  *ta  nlie  system  or  i y an  individual 

SysT*  r cor  . ist  ir  : of  pump*  anu  hydraulic  engine  ot  : >♦ 

(see  f ig.  U a:  .),  i . volume* t ric  hydraulic  dLiv*  whit: 

can  Lc  ■ >s  cut  j in  form  of  the  i n t « gral  uni*  (machine) 
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rA(;t  > 


include  | ur  (.  ana  t . motor  oi  out-  coi  ..tructior  or  tne 

(inseparable  per  tor  mane.  ) , or  in  tne  term  s*-.-;>atdt  1 pump  -it.  \ hydraulic 

motor,  conr.-:  etfcvj  w i 1 1.  commit/ mur.it  olds  (£-*-(  ar  ate  per  forma  nee)  . 


R<-  Vt  r s ir  .,  * in  -c-  ici 

o i 

t \ 

e mot  : 

L oi. 

(r ot at  in 

n/re  vo lu*  i >r  ) 

o 

hy  ur 

a ulic  motor  i ■ ;•  el  ire- 

♦ i t 

l 

w i t n 

tht 

a i u o f 

(1 1st  r i i.  ut  oi 

(•> 

Fig. 

31)  , or  hy  r v . t , i r-c  tl 

h ^ G 

1 L i 

c t ion 

of 

the  : ■ ■ 

of  -jul  ; ( • - 

- F 

3c)  . 


Ti.e  control  >i  -he  output  oi  hy  iraulic  motor  real  ir  ; \ a 

change  n * 1. a ? ou  1. 1 of  entering  it  liquid  wit}  ♦ no  ail  of  r 1 : * 1 1 < 

governor  (s  Fig,  3b)  or  by  a change  in  t he  pump  displacement 
hydraulic  motor  (volumetric  control,  s«  s Fig.  3c).  Thi  theor  tical 
power  c;  nt  i nd  • tor  s iona  1 moment  of  /g  jr  the  output  lat  t of 

hydraulic  rotor  an  connected  ry  relations 

Nt  = ApQr  = &pqn\ 

^ = &-  = ^-  = °-,59AP^  (36) 


where  do 

- E-i  ' 72  " t 

no  or. 

n:  u 

r e 

• III  1 t*rc* 

n r irt 

1 in  h 

y d r a 

ulic:  rpotoi 

here  p j - 

1 1 1 ii  [ 1 ^ u r r-  l 

:•  sure 

of 

li 

l u i 1 1 c 1 

t ho 

l n let 

i a*  o 

\i)  it  i ’ • l ic 

motor  a:. 

i at  output/yi 

-Id  it 

ou 

it  ; 

• j i * ; t 

h • 1 w 

ot  Ki nq 

vol 

Upi0  of 

hydra u 1 . 

- r.-otoi  ; n - - 

. • ± l; 

lie 

c- 

o i + i;«- 

i o* 

a t io  w/ 

I - V 0 

iu+  lO’i  •/: 

shaft  f ydraulic  not  >:  . 
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i"y 

rht  j'/  cou  J'-l  .lion  (hy<Jr  aulio  into  jwch  anica  1)  An  i.vor.i  ul  lr 

mo  to  i is  pro vi:l tei  by  iti  aotion  o!  wor  k in^  cell/el  ement  s,  wh  ic  i 
accom  pan  : • ; y on.*;  ,/  Jo.-  ({•<  w<  v)  i cl  friction  of  m ••  ch  .1  l.  1 t 1 

f Od  1 11  r>-  ill  i 1 null)  . 

Tilt*  i n-.i  ion.  * 1 ;of'i  lose.;,  art*  deter  mined  a < he  1 i * t r.r 
fcet  weci  t iio  t he  or  •;*  i.  1 i (indicator)  power  and  with  a pow-:  on  * 
shaft  or  hydraulic  motor'. 


Ii.  accordance 
h y dr :i.  > t or  , 


. * i r tl.-  actual  tor  pn>  dov'lo:  *1  vif:i 


w her  e * it < 
hydraulic 
1 i q u i i r • . • 


ii  o + or 


(no 


i t nio  ) ; 


= Mr-  AM, 

•ol  3+ i cal  (it  iicd+oi)  f.orsicne  1 moao.-r 
illovir.9  ic'E  loss*.;  rox  mechanical  f 
A - the  less  or  + crque/momer.  t. 


,r.  icai  j >w  r 1 v.;--:,  can  n - to  also  .1  e t f r 2 1 r. 
diff  ten  .•*.•••’  ‘ tl  1 t ica  1 power  oi  1 • 

(.owe  r /V-,  X <■>:,  ‘ it-  1 a .. * : 

AN  = Nr-  N+. 


.) : 
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Devices  (apparatus  s)  » : iistr iLut ion  and  con  tr ol. 


Tr  porta  r.t  v il  U“  tor  : n.*  r eliafc  1-.-  work  o C hydraul  ic  sy  ’ • 

the  r «t  i'»na  1 . 1-C  + if.:,  or  * ■ governors,  which  ensure  * - x--r'u*  . >j 

or  logic  t ii:ictia:.o  on  * ..  > i>  ali  zation  or  the  assign  i . t.-.ju-  r.f  r.. 

action  or  the  a ct  u a * r ; nine  ha  i.  i s ms  of  1 /dm  ul  ic  s ’*io:’ 

important  of  * • functions  is  the  steering  and  fluid  flow  ral  , for 
which  is  applied  * !-.••  different  control  -»qu  i pme  r.t  ot  flow  rate 
press  ui  tr  , cnange  ir  m.  • • citccticn  or  "he  flew  cf  liquid, 
connection/irclusior.  and  discoi  r.ectior;  cf  sopa  r a te/ind  i via  in  1. 


actuating  (tec  ha  ni  u a . and  sepal  ate/individual  sections  of 
condu  it/na  r.if  ole  uc. 


DISTRIL UTOiS  Ui  Li.il.. 


Rl  .•*  t it»ut:>r  (ii  r i.'  )+ or)  is  intended  lot  a control  o:  ti.*  flow 


of  working 

lieu  11. 

d i t a 

t h * aid  ol 

1 i:t 

r i ! u tors 

is,pr.Q.vi.l.«  i 

the 

direc  tior1 

of  worki: 

i ) lie 

iiio  to  the 

apt  r 

CpI  late 

act  uat i r ; n 

cha  ri  m. 

and  also  i 

■ • t‘:alir. 

d t.  h f 

reverse  ot 

h yd 

raulic  r 

echanisn'  . 
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).  To  1.  y or  oil  lie  ell  j nit . (2)  . Fro ir  j-ump 
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Howev 

-i  , in  i 

t ,i 

in  Crises:  th< 

y are  appli 

ed  nl'-:o  in  d i 

a - j 

t . n- 

bilateral 

. yd x i u L i c 

Ml 

lino.  A si  mi 

iir  i id  j i'  im 

with  the  t h r 

ec. 

d Y 

vd  1 ve  , wi.  i 

oh  allow/ a. 

TM-  x cliail  J 

«-*  ir.  the  ,x  x 

rect ion  of  tn 

e 

310 

*:  (j 

hy  dr  au  i ic 

ifigine,  is 

1 

:pt-sonrt.a  i 

:i  Fi<j . 4 2 1.. 

In  this  iia} 

I'd 

n< 

l 

applied  > 

act  ud r l r. 

) 

cy 1 i r der  of 

*■  n o d c able 

ic  t i on  in  w n i 

Cl: 

effect  iv< 

pistol  1 ' 

x r 

•ii.co  stocK/r 

>u  • s on  the 

par*  half  pi 

■ ^ r 

Oil 

clearance 

: : opp  OS 

x • 

i S3  X i (si !< 

1 i X - 2 f>  d ) . 

In  r lie  nor.  it  i 

on 

) 

r 

plunder. 

h own  in  F i 

4 2b,  f hi  I l 

. u i d c n t •;  to 

from  power 

» i 

Dl 

y 

si  jult  . • 3ijol  ^ 1 or  i 

i ii 

♦>>  loft  and 

into  riqht 

tie  cavity  of 

c 

yi 

- * 1 , *■ 

A.  • . / 

i o d I t : 1J  i 

t or  Wiiici. 

p 

i s t o r.  is  :n o v 

o.l  to  the  r 

iijht.  The  spe 

. • 

o 

L * c- 

piston  r: 

olio  v -an d 

i‘- 

v loped  i y i 

t force  p a 

re-  determine! 

J • ) 

] r - 

on  ti.’ 

; i j 1 5 : i - : 

ui 

1 by  supply 

or  pew o r , 

frc0i  ..x  pres  si 

c J, 

s 

v = TZrf’  p = P{F-n. 


when'  '•  - rfie  d i o -i  xf  cylinder  . 


Jr.  i°L  cox.  j i f i o r.  : - F/w,  wc  will  oLtaiii 
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D u i i i 

i j rnc-  con  :.  . 

■ tior.  01  th>»  lf-f-  cavity 

ar  a 

r i t : in. 

with  fow  - 

- i i P j.  1 y the  pi u ton  will  u 

spes 

? d 

v 


Q 2 Q 

F-f  ~ ~ ’ 


develcpir.  \ t ::  thi  ; c ...  faro 


P = p(F-/)  = 4- 


F/e  13/7 
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Fiu.  4 > . 

i a j tarns  of  T .i>-  ovetl 

a t s or  w i 

ndo  W£ 

in  1 i . 

1 

(a-c)  .hi  . 

tm  static  cUatdctet 

istic  of 

i d e a i 

valve 

(i) 
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number  >t  fixed  positions  of  olun  g z , 


i r - 


two-  and  r ; 

l C lie-  1 0 

j • v a l vos.  1 1 t.h< 

plunger  cf 

va  l v • 

detain*  d 1 1 

[ t no  miu-i 

>si  t i on , tnPi  t h i 

s valve  is 

called 

ii  it  as  i- 

*t  ait.*.-  1 * it 

•i  the  diu  of  any 

devices,  th 

er.  thr 

' o-  o a . i * i 


Overlap  of  sii  ‘ ■ 7 d 1 vi  ports.  F >r  many  casts  of  j only j val\ 
and,  it  (articular,  t i r tn«  hydraulic  servo  systems  the  it  cor*  a : * 
par  air ’r  r is  the  over  la:,  with  plunger  in  its  a vera  i*-/asaa  posi  t lot 
ex  p eu  ii  t ur  o window  s ( F i . 4 j)  . Ar«  distinguished  lietribu*  ots  <*  i t i 
posit  iv  ( :■  i j . 4 ha  at  i a i)  ai.d  nt  >jotivc  ( P j j . 4 3b)  overl  a p.  * •):*• 
rarely  ji  • ini:'  valves  with  zero  overlap  ( Fig.  a Jo)  . In  iii  .»♦  « 
valves  (Pi.  4Ju)  *i  !ta  r of  tne  working  1 and  of  plunger  s ••••»■.•;.  ♦ 
the  pass » } opening  or  the  housing  of  vul  v«-  tor  the  due*  of  ii  ui' 
therefor  to  witlowr  overlaps  the  appropriate  window  a*  length 
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h--t 


ir.  seco;. 

r-  y 

the  width 

t o; 

’iy . 411)  wfutb  h of  working  oar.  3 le.;.:  t • i; 

>}  tiling,  a.  r result  of  wi  ich  i:  * i.  - 

si  des  cf  his  ,.ird  i 
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On  ; 


mid- poe  i t ion  or  pi  in  j l valve  along  both 


i or  t 
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th  e initial  cl-  ir 
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valve-  Ustld  11/  is 

It.  y dr  a ill  c 
cylindf  : , t ir/  vi 


A u E -rrf" 
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ual  to 
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no ni.it  ion  h <•  t ovtrluji  c,  calculate! 
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; l iii  1 1 a r oVn-fl  d t> 

of  v in  hows  j y th' 

: s'4 

:a  1 1-  1 nega r i v- 

overlap. 

s y.  * • n with  t . . i . . v i 1 v « in  t he  ca  vir  i 
1 t-s *-.i  1. 1 is h/i  rs ta  1 le 1 m th-  nil- 


where  PH  iu<A  pCA  - ptesoiii 1 i r zh-  dal  1 very  L i r.-s  jj.  -i  : u*.  * <~i 

During  t .»c  d is:/ la  ce  :n-.  rt  ol  plunger  to  my  si.  1 : from  free 
position,  the  in  xic  it  i equality  01  pressures  into  tat*  cav  1*  i • or 
cylinlt  i will  ;-o  i _ -;ru.  t-i,  as  a result  of  which  th°  pi  at  or  or 

actuating  cylinder  wi t n the-  Known  uiff erence  of  pressures  wi  1’  ':  ■* 
moved  to  the  appro p r i .1 1 . side. 

Obvious  tnaz  il  t her  • is  no  ica-1  an*  trict  ion  1 1 fore  s ii  ; ow  - 1 
servomotor  (it  out,,  ut/ yield)  , t r.en  an  v di.;»  ur  tanc«-/lc  tc'>io»r  ol 
equal  it  y 01  pressures  ;• , and  t 2,  caused  as  small  as  aesirod 
displacement  or  the  pi  an  get  of  valve  relative  t c its  iv  r a j». 
position,  w i 1 x ca  as  e.  - is-'  notion  of  this  engine. 
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r load  and  ir  icr iona 1 

force- 

• Ot 

output/yieii  in  the 

ca 

v i t i c s o l a o 

tua  ting  cylir.d-i  must 

be  tm. 

deter  mi  in.*  i pressure 

d i 

: i * ■ r . • i . 1. 1 a i , 

and  consequent  1 y , t ;.e 

va  1 v- 

of  this 

diagram  will  ,.av  • a 

i v 

ai  zora  wi.ic 

h increases  with  an  i 

• i- 

i r.  t h 

initial  clearance  ( 

r>d  4 

i* ive  over  la 

P)  - 

A shortcominj 

ot 

V a 1 v ;•  s * it  h 

■ - j -at  i v p overlap  i j * 
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ot  tie 

liquia,  w a ich  over  t 

low 

> through  ex 

penditure  windows  to 

Jdtt-r 

with 

the  uvluj-  ami  t..c 

cL 

Oi.tr  to  it  p o 

si* ions  or  plunger. 

A ! r ic  i ■ ■ n c y / 1 

ack 

in  t r i-  v a 1 v 

es  with  negative  ov  i 

lap  is 

- no 

loss  o:  tu«-  li.uir,  «• ..  ich  ovolI  lows  through  expenditure  wind  )ws  to 
gutter  wr-  *.it  iveraj.  and  the.  close  to  it  posi-ions  of  plur.  i<-i. 


jc  Of 


•?  . y.ii  aulic  charuct  eristic  cf  v ilv" 

is  detf  l ainf>  l icjor  ii..  j to  Equation  (2;'-) 

Q = l*f  J^-jT  Ap  = 


Fi  t.  40) 


= \wdlX  y-y{pH-pd), 
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where  £ = it  i i x - r 
is  a i sc o vi  i y/aj  eni 
diameter  * n -> 

(pcwe  r jiii  i Ly)  ai.  ! 


n 


i 


* ; :-c*  ior.al  ut<M  of  -;u: 
; v-ilv  i i-  /a  i ate  ns  ion 
..  . -r  or  val  v-  ; X and 
ou*  ;>ut/yiei:l  (pressure 


passage  slot 
of  slot ) : 3t 

Pd  - pressu 

or  the  1 oa  1 or. 


of 


z c- 


ti 


v 1 1 v 


Th-1  jiv.-i  efin  ’.ion  snows  that  a if  h <m  increase  m fhe  Ps 
(pressur*  oi  tue  load  of  engine)  tne  flew  rite  through  t valv 
x and  the  pH  = const  locceas*-  s.  Tills  phenomenon  (throttl  it  | 
it  lowcLs  tno  hardness  of  the  mechanical  char icterist ic  of  n y ■ > r 
drive  and  cause.-,  th  ■ sli(  of  hydraulic  *n<jine  under  tf.-*  action 


■O  M 


7 7 Oh  ) 1 U'j  -Aor.  _a-rr 
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cr 

■■  > ction.il  u a or  t hr  channels  by  which  ire  provij-H  t, 

a--‘  ■;  oi  flow  iiii  flow  utj, 


i-:  provi.i  : '1'ixi  flow  r at-.- ; u is  r j,e  yiv?n  speo.i  of  f 1 1 


w.,a n n 1 
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• i-igraa  o:  * h • interral  communications  of  Its*-  v i;  uJ 
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Th**  i it  '■  o i • t • »w  •>:  th<.  liquid  in  the  c.unn.  ls  of  t:  : >u.  . ..  | >t 

valve  dau  . th<  » u nul  a r jr cover  of  plunger , which  let  era  in -os  t h 

flow  [•  - i. i:-  *■  a ncv , usua  ily  '-elects  for  a lec roast  in  the  .iis<-no;  of 
valve  J-5  tin1  ■ hiij  * i;  a t ti.*.  :arf  or  li  juii  in  cupel'/  lit!0--:. 

Virtually  ~.ie  ra*  >:  1-  ]ux«i  it-  accept,  j - o 10- 15 

Ti.iru  y pt  v i i vus  (.»•:<«  Fig.  hie)  wit  h rorc  ov-rlap  (t  ,()  «r» 

applied  „ a i-  i.,  : . i i . . ..i  u.  ore  • t ♦ at  during  ar.y  small 
displacement  of  pinny fro.o  t h ■ n.i:~  position  wcul  i ;e  r;)r.»“  1 
expenditur<  slot.  : .-mil  at  casKf  ir.clu  i - the  hydra’ll  ic  rv  o 

systems  of  r he  copy  in  : ..  j ch  m s ii  which  ic  required  th  » h iq  a 

accuracy/jT  ci..  ion  >r  *.  racking. 

De  pr  r :u.  j on  *;>  cor st ruction  of  valve  with  the  posit,  i v-‘  over  las 
of  the  window  of  now-  r supply,  the  working  cavities  or  h yd  ra  ’ll  ic 
engine  in  tr.e  mil-  i coition  of  plur-ger  either  are  out.  off  (block  .)  , 
or  they  .i  t * oonract-i  wi+l  reservoir.  Figure  45  shows  t h possible 
connections  of  th--  I’hiiitelf  of  power  supply  in  tie  mi  i-  pos  it  ion  o^ 
plunger.  In  “in-  i i 6 j r • n=  with  positive  overlap,  presented  i r.  ? i j.  4 5^, 

are  bloc.-  • t (at*  iv-ui  it  pec:)  all  channels  of  valve;  in  th?  ill  .r.-.r, 

shorn  it;  i-  i j . 45:  , is  : locked  only  t fie  channel  cr  power  supply, 
channels,  ronr.’Cte'  wr  ” the  cavities  or  hydraulic  eng  in  >,  ir 


connect*  i with  tar.c. ; : '•  the  Jia<jra  ai  with  nojitiv  >v-*i  Its,  -*r  • : 
in  pi.j.  4 ■)(-,  «ir.:i  u;.  tr*  com  t-ctou  ill  channels  of  slide  val  v-  , 


tiianK.i  to  w it: u ar 


. i v i * 1 - * 1 tic  aisc'.ia  rgin.j  of  punsp  ini  * : 


"iloatii.j"  ( ; o.':L  ,>i  1 j.  * » oi  tree-  di_placcm*-r.t  under  tae  ac*  ion  el 
exter  nal  to lc  ■■>)  >r  actuating  elom  r.t. 


Fi'jUi.  ■ ■ 4 '> ri  ; ■* ; i t :»e  aia  jean  of  valve  wit!,  the  connect  i >!  5 

the  cav  a 1 1 v*4  o t i c t taring  cylinder.  in  t h . ■ Hi  i * 1 — . o . i t i > . . o . * 

plan  jeL  o:  this  v.ilv  , cO*h  cavities  oi  cylinaer  ire  connect  -i 

bet  w f en  r nemselvos  ana  ‘ pump.  Therefore,  for  •;  x-j  nol  • , into 
cavity  of  cvlind  *r  with  ot.o-:,id<  i stock/rod,  opposite  ‘ o tock/rod 


will  enter  r^th  lipai  , lppiieo  :>>  punif  and  t 
from  ♦ . «.  r oil  cavity  o*  cy  1 i nut  r (see  :•  i j.  2d) 


he  1 i i ui  1 , oi  sola  :•  t 


Hyui  an  lie  characteristic-'  of  valve . They  arc  determine! 
hydraunc  friction  At,  which  u«  pends  on  t tic  design  features  oi 
concrete/  >j  ecir ic/ac:‘  ttl  copy  or  valve. 


T i ( ‘ . 1 1 1 'i  Oi  it  i 1 • * 1 ■ 


that  as  a result  of  th"  port  u r ■ a t io: 


action  o ; loMtni 


nj,  . 1 1 so  or  contractions  at  1 £lo\ 


w a r ; r o ; 


liqui  i on  ;1  nii-v  r 1 v • l ; . * r ihu  tors  is  f rod  end  na  nt  1 y turfuJent, 


Tiit-  i»iz*-.-/dimen  of  ot  valve  ub>  deter  milled  in  » t * '•>/  ♦ • 
flow  rati  and  tli  - (>-rm  i.:sibl«-  i it-  -n  rlow  on  t liquid  i r i r ■ 
channel.!,  vuich,  in  turn,  :•  pends  or.  ti.o  i->  si  <j  rid"  ion/pur  po  / v*lv  - 
and  op  latiiij  .-i  5 ui  in  iiyaiaulic:  system.  Ihe  pass* je  chain  1 r of 

valvt-  ar • • select  1 u inj  into,  account  th  ■ provision  i >r  - ••  r • nit  - I 
fluid  flow  rate-  iuiin-j  poiaisaibl*  flow  focin'nc-'  of  1 i ml;  ir 

this  chs-  one  srnul  1 ipproach  in  ord-r  that  the  piston  it  rok  » •>: 
valve  would  sin  l.num.  Per  this  t linos-,  the  supply  of  li  ; a i . > 

th»  chami  ■ is  of  vilv-  nuaily  is  conducted  throuji:  ciicuia: 


(circula: ) lnnulir  jio  iv*  witi  a width  or  t.  (see  Pin.  40)  . • 

they  reach  r ,te  maxi  ou.  value  of  the  perimeter  of  nasal  o pe  n i r i in 

ci  rcu  at-..-  :ic  e ( w - i-  i t ) and  it.,  i : > >a  f = va  j x , w :> f-  r i i t a n-i  x *■ . 
reach  *h--  tliamet  *r  o'  . lunj*-:  and  *h->  displacement  of  the  l an  j<  t of 


and  siu<a1t  Ui.l  y wit  a r hit;  Vdi  [ n sol  v*.  n the  r»»  guir  d ha:  in  ;■  oi 
plunyer . 


For  proviuin- 

j in  i.r- 

igh*  i.ss 

the  i ini  mum  di am  o*.  r 

1 I ’ 1> 

a r a V.  i 

S 1 r d e - v a 1 v “ vapor 

phu.  |itr 

- DUiii  111  | 

usually  wake  equal 

t G 4 - 

1 > e 

The  sur  lace  bar dro 

i s o or  t h 

■ part  s o 

f - ho  sliding  pair 

mus*  • 

e hi 

possible  ( .i  P C r,  u-' 

d)  • tor 

tills  prov 

ision  apply  ir. torch 

lu  A ‘ i ! 

1 * 

(inse  rted)  i,  u.  ..  if.  . 

( <•  • ) 

a (rig. 

4 n a)  , w h ic h usu ally 

dLP  L 

-j  i: 

press  ir.y  into  * !.  - 

hour.ir;  <) 

of  Vulve 

n of  ore  the  finish  in 

7 t r ^ a 

t "i  ■ r 1 

ef  feet  ivt  :.ur  r c •. 

When  rf-‘l  v.-'ii.j  d'Miar.o:;  ir,  s lid  * - v a 1 v.>  vapor.  i * is  n-  • .•>.•••;  r y 
also  to  consider  th  o temperature  expansion  or.  * he  material no. 
which  at'  made  t;.-  parts  or  plunger  pair,  in  order  that  remove, i t! 
jamming  of  plunger  luring  t enpt  ra‘  are  char.  yes.  Virtually  lea  .; 
prevention  during  a c':onge  n the  tempc  rature  of  jamming  or 

f or  na  ti  on/r-u  uca  t.  i or:  o:  at  pi  e cl  ar  ances  plungers  and  ■%  . ivo-  v • Iv 
bushing,  ...ust  i a lo  from  uniiorm  material. 

Wh<  : ftr.e  (huu.ur.  j)  and  <■}.  • : lunger  of  v r i v»  are  male  ruo.i 
matetiul:  •»  r ♦ i.  the  li:rer*nt  temperature  coefficients  or  ox  pur.,  ror,  1 
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chanyp  ot  tu -•  1 or  *.o'^  • u r i - j 


.1. p<  r a t u r • vi t:  1 1 i o n o 


6 = 6, +'4  (P -«)(<-<•). 


where  * 0 a ra 

*o  - 1 ; 

. • ti.<  it  i * l i 1 t i per  it  a r e 

of  1 ist r ii  i 

clear  arc*  at 

e r 1 — i *”  ■_  .a  > 

•rr*.  urv ; J a diameter 

m tho  pi  an 'j 

v 1 1 vc  ; t i nd 

6 ar  • t ., 

obseivcu  temperature  a I 

di.i nr  i : u* or 

clear  m c ■ a? 

thio  t :-:n. 

-nature;  p oi.ti  a ire  coel 

ficientr;  of 

tem  re  ta  * ill  t. 

■:  xtidiia  i on 

of  housing  (case)  and  or 

Tl  ar,  jer. 
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Fui  t ;.•»  ■ 1 iiii  i n it  * ir  >f  t :.e  { o.sii  i lit/  ot  the  lamming  >r  :']ur:;- 


as  a r * 

curt,  of 

th1  1 1-3 

j:  ' . L it  IJ  I « • 

3 * I 

i i n c 

t 

h e 

he  usi 

n J in 

which  i . 

pi  aC0G 

t L-  Cii.i 

, in  ; 

art icuiar 

f il 

hoar 

i nu 

is 

n ad  e 

tr  on. 

no nf  er i c 

11 3 

met  a 1 , 

bu; ; i i r.y 

i s ; 

'1  ice< 

i ir. 

t h p 

: ote 

ci 

h c a 

s i ny 

1 fr=e 

I v { wi  ♦ 

small  c 

lea  ran.C' 

■j  0 . 0 v 

ut  .n  ) ; 

t he 

a ir  t 

: h t:  l 

■ ->S s 

of 

con  n 

ec  t i o i: 

in  tnic 

ca 

is  reach-  j -it.  * to  aid  of  i*-r  ruler-  » (Fic.  4 ml)  . 


let  or.  * lie  ilur.gor  of  valve.  To  plunjor  f v»  1 ve 
frictional  force-;:  i ri  i flow  icrce.;  u fluid  t -«  . 


• c re- 


in ess< nee  tet  the 


Ft  on  thf  xaiain  . liagrams  of  v ;1  vi  , it  fellows  that  f tc< 

of  pressui  oi  li  .u  i-i  on  r«rt  ioeal  tb<  vapors  »i  ti;  i r col  u * •- 
cy  lin  i ri  - . j ar.c  t . i j ! juality  or  surface  treatment  it-  l al  • c ’ 
both  ri  uxtil  a i i in  radial  1 r i - c t i o n # -ut  mi  f aco-j  aL  . i 1 a nc  < i 
in  axir.  1 jnl  i:.  racial  direct- ioi  , but  the  sliding  track;;  of  gl  -in  ,:er 
ai  *.  div i by  t h bou  mla  ry  layer  of  li  gui  1 • Const  juent  1 y#  f ri ct i n 
or  the  pi  u i.  jei  ot  t - i ; ideal  pail  depends  only  cr.  the  r it  e or  it--- 
displace;:  -rt.  and  v a ic  as ity  Ci  liquid. 

Her  • v ♦■•t , -xj  . r i i •• t shows  that  friction  of  t:..>  plurjet  or  r-  • 1 
j.a  i r cr  tn('  i][p  ot.  1 1 ; u i d and  on  the  corLectr*  - ;»*■  t * 


Ur.d--c  t h - • t :i  < i condition  of  the  t tut  h of  plunger  »n<i  nu-h'ii  i, 
the  cro-. •-sectional  ui  as  both  t h«  upp.cr  and  lov-.r  parr  of 
clearances  w i 11  . ■ ‘oi . ;*ints  for  entire  len  jt  h plunger. 
Consequently,  prs  s;  a r gradient  a for  upper,  ti.  at  ana  for  a o.  *r 
clearance  it  is  us  si.  „ to  ai  prpxi  irately  accept  as  const*  r.*,  it 
accordant:  • with  wh  ioh  + h*  pressure  in  the  upper  and  low--r  cl  ••ai'  i:  > 
linearly  reduced  f r u u t i.  v inp.ut  pi,  to  tr.e  -/.it  p2,  i.  ••.  , a and  1 will 
be  st  La  i t lines. 

From  t ae  j i v — i ;i  j Jtam/cui  ve  of  forces  or  p-n-ssur-  , i * fo  I low: 
that  the  r filial  force  of  pressure  of  liquid  ir.  *h~  ucp»t  char  , 
which  attciipts  to  lie, place-  plunger  u«»w  n,  ir.  this  case  i equal  , i *.  w 
disregard  f velocity  pressuL-  head  oi  ti  n flow  of  loahages,  * • 
force  of  i rj;sur.  of  liquid  ir.  lower  clearance,  that  att®»itr:  *o 
displae*  p.lur.j-r  u p>  m r i,  i.  e,  , thes  e forces  they  arc  balan  c-  .1. 

Ir.  connection  *i-  n this  it  should  ho  noted  that  ► h- 
balancing  of  .clung*:  l « i 1 1 cccui  only  with  its  concentric  ( co  j / i , 1 ) 
location  i;  case,  in  i * . occer.tr  ic  position  it  a p>  pears  -he  I i*  : a 1 
pressing  fore:,  cauc.-  1 cy  a difference  in  the  velocity  heals. 
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a 1 
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te-u,  and  will 
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forces, 

W 1 1 
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1 1 

oar 
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isp lac< 

pi u ngor 

one  side  or 

th-  other  or 

the  sui 

t ac 

c Ol 
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h i r. 

. As 

a resul 

t under 

known  eon  iiti 

on s , ca  .i  ari 

thy  r rio'ional  ton;  ..;,  conside  rabl  y (hundred  tiroes)  the  exceed  ir 
forces,  wh  ich  iter.  i;ito  . lirie  val  vt  daring  the  satisfactory  product  ior 

cf  its  i t!  I ts. 


The  L ricti  onl  x n ,\:e  s of  [lurjer  can  ; t-  raised  to  also  a 
result  o:  t h-  aefoi'  mat  icnr  of  housing  i t can  occur  unev*  r.ly,  i t.  vi  • » 
ot  which  *. ..«  i oitii  of  •>;.-f-r.i»g/hp?r*  ure  under  plunger  can  »•• .?  I'i.oa'e: 
is  cone  .1'  1 ; y foil  , t : : a t ot  some  sections  the  clearance  *i 11 
iiu:r>a.  , c.  r.d  or  o*  . i*  u«  creases,  as  u result  the  plunge-  cf 
valve  cat  turn  out  to  *>e  that  wnic.i  was  pinched. 


The  .iouict  of  i nt'rcds*  in  n let  ior.  are  the  solid  par  * ic  1*  or 
the  c on  t a a i na  t r on  . . >‘.  L n;  'U  i and  the  tarry-asphalt 

f otn.a  *rur  /■  ; tcutron.  solid  particles,  caught  into  clear..  , ar- 
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on  the  p lui.  ji.  r or  ■ 1 i ■ valve  ii  i Kiial  direction,  and  all.  o c.:. 
injure:  (sciutch)  ctivi  surfaces. 

Th<  :cu:-(  which  i oguires  tor  the  iroving  of  plung-  r,  :r[-  !■:. 
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necessary  * ■>  u-  * r t.-  ; i oir  , capable  of  breaking  t h o layer  ri  o.- 

these  rui  ’i  iil  r,  wi. ici.  connects  the  surfaces  ot  Lushing  and  ;>l  i . 
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sect  ioi  is  no  jlijii  ly  small  it  comparison  wit*.  * ;... 


a [ pro  pr  -..c* 
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1 r ict  ion  oi  La  lid  1 .If",  in  « <;  I of  i rccv  will  i<  - 1 '•  * 

a ji  y p c i n n i;.  vi  ci  1. 1 * 7 r*  > s u i ^ , w 1.  *-  r e u p o n : ^ [i  ^ ^ 7 1 
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He  act  i or. 
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>f  .it-.'  Lo Vf  t h 

at  ict  rat  i i:  i!  j 1 • 

o r !'< 

ax  le/  ix  i..  of 

• ■ In  n j ► r 
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flow,  it 

i oossi  L 1 e to  d 1 

rroximately  ,i^t,-rni 

1 hi  t 

expression  > - 

the  torn. 

■ n t u.i  of  j“  t 

R = muT, 

where  n a:  1 

1^  - 1 

. tr.  asc  f lu  i i r lov 

lit.,,  » | i c h *■  i k > ’ > 1 
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it  ration  that 

m = Qp, 

equat  ion  l '7) 

it  is  i. 

o.;:  t:.  1<-  • o rewr  if  - 

it:  the  form 

R = Qu  p, 

where  v ifc.  voluir  tri  • r 1 ••  i i t low  tit.:  through  the*  -.lot  of  wini 


Th  • i :<  1 ] co.i  ■>:  nt  of  ‘i-i:.  torcc  * i 1 1 be  det-rnin  1 f to: 

equat ion 

F = R cos  a = Q«rp  cos  a. 
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Q = v-f  V = v 


ana  also  1 it-  cdlejlar  • i 'j!  t velocity 
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F = 2 p/  Ap  cos  a = 2pctuc  Ap  cos  a, 

where  f = wx  - -a-  » ot  tU  slot  ot  -in. low;  w is  lei  iM  v 

circular  arc:  (tor  a ' ji. -r  with  a:.nular  groove  w = n<\)  ; Ai- 
ls the  pi-  saute-  li'  ' :.r  ial  1 1.  the  slot  or  the  window  l«.  two 

chambers  A ini  b;  x r • 15  . '.cove  iy/cFcnii.  j vindow. 
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window.;  o'  iiici.i.  i it  « il  1 t ► w :*.  T -q'lai  exp-  • ••>*  ' 

of  fore  it,,  an  at  * a iouol-d  (thi.,  tore*  acts  both  in  .or 

the  ov*  : ; low  r..  i;-..  - <>;  val  ve)  , ~ i. ■ o : i i nr  u.^t-  4* 

will  t » a i - • ">  :o  iH)  1 • : : 


Basic  si  .;t  r ion  vlv  1,  whicn  reeds',  pfrioririn  j hydraulic  -luiu 
1,  is  controlled  *ith  t.n.  ai-.l  O’  auxiliary  valve-  fevnasr  2 of  11 

sect  ioi. . os  ii  iv*  >1  this.  auxiliary  valve  or  two-stag, 

distriui'  •>!  , u i • ■ Mii'.'j’i  1 y isoa  tlv.  electr  cma  j nets  or  ti.  «•  loot  ric 

motors.  i. use  t :,u  ;> L-n.  r of  auxiliary  valve  usually  ha:;  s*--U 
si  ze/ui  u * u . ii . (Ur  •••*  -i  oi  a ; pro/ iran  t U y 3-4  rrn)  , for  it 

a is  P 1 i 1 loW-  .-OW>  L L (’ t r OlHc  o I;  . 


oi: . o . t he  . x i (!'.•>  or  t.w  o—  p o.s  it. ion  d i s t - i 1 u to i v i *"  t 
electro;;.  re*  ic  so: t:  >1  is  iepictec  on  Fi  j.  r>di:.  rhe  pi’-ug-u  >>t  e 

basic  v a 1 v • with  c o’.no  c-e  d electromagnet  2 is  hel.l  on  a r.  1 1 u 
posit  ioi.  ' tctioi.  o*  * he  forcu  of  spring  3 ar  1 by  the  ur 

of  the  liiui  , watch  uitors  riota  working  main  lino  chamber  o t trcu-il. 
channel  ...  is,  Mi..;  stior,  or  valv-:,  the  liquid  from  work  i.  -j  "ur. 
line  r>,  ■ >i, r.f-ct  f.  ; > it  . . u # • r- 1 ri  channel  connects  v\  : 
act  ua  t i j.  . cyli:  . •*  . win.  cur-cte;  electromagnet  i,  liquid  fro:: 
line  5 will  r - fed  t Motion  the  annular  groove  ot  auxiliary  vilv  1 
and  chdii!  • 1 i i : t •>  "j  left  ca  vit  y i oi  pi  ung->i  ’■ » 
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• t : net  i v •=  i.  »a  ol  plunger  6 i y r - 1 1 or  than  - '•  aij- 
. : mxili  it  . v ; 1 v , i-lun  -jet  * will  me v*-  to  r a r n : * 


this  cds  , wonting  mail  liru  r till  be  connected  with  cfaann 
connect*  i wit:,  r ! - >i.  o cavity  or  let  uati  ny  c.  y 1 1 . j l . 


SI  i . v lives.  Th.  basic  ciirf  icult.y  during  the  prouuct  ior.  >: 
sleeve  v *1  vei;  at  I;  i ]‘.  acc  ura  cy /(  rt  cis  ion  is  coi  r.*.:ct  ed  with  * a . 
complex!* y at  wording  i i quality  control  oi  th<  internal  • *-•  1 
surface  o t mishit.  ••  I r.  view  of  t hi ol  interest  i.»  t a ->  „ on  . • ■ i i< 

in  which  is  t:i  ovi  i • . r > . t h c c;  i -->  i o n to  f ni^  ?ur  * ac*  - 


r'i>iur*-  r la  .!.  o w. 


ititi<:Ld3  oi  a 


i isti  ifcu  tor  wit;,  fla'Vpii 


distr  i'rut  i v-  ce  1 1 / < ■ 1-  ■■  u t (valve)  f w h i c n - > - 1 list  is.,  f 1 7 1 


requir*  * ,, 


. j . v ^ 1 v.  2 i'll  p ; or 


housi  ng  ' , in  j ; . 


no*  it  through  but- hit.  , 1 tv  :i' 


by  the  * > l e* - > : 1 ■,  ’ in  of  1 1 u i hi . 


on  trie  positi  or.  >t  Vul  v t It  it  (Fig  . S 1 -i)  either  ti'J  r i . 1 • ) 


window  01  po w- -i  • u l y ol  i.  ydraulic  engine  it  is  ir : ve  i si  * . i >n 


the  nor  > t i i r r v • 


C a V X ’ 1 • - - 


t hi  o ugh  tie- 


P propria  te 


. ii:s-  : 


cr  c (i  f - ■ i r j . hie)  . 

Forcf  i*  j , wit  i.  w ..  it:  h valvt  , is  press >d  against  t h<-  ir-  irroi  of 
housing,  will  ijt  ie  ter  a in  (not  allowing  for  the  force  >t  « i sy)  • f 
a difference  i :•  t u ►»  ton  - or  prei  'ure  of  t aaaa  of  work  mg  * iui-? 

on  the  w-i  ey  it  ar  cf  t (.-•  Lushing  of  1 a i.  i val  v.*  its--  if  n , 

which  j i-  s.  tl.--  l.i  1 1 : to  t h _ mirror  oi  housing,  ami  forces  ??  * 
mean  pro  soar  - or  t . » t,»a  a of  liguxu  ir.  the  flat/;-,  lane  cl>-  u i:.c  , 

formed  i.y  v a l v ini  t.  is  mirror,  that  wrings  out  valve  nom  no u.  1 1 ; . 
Disregarding  ir-.  i i -:-c  t oi  the  area  of  the  tarcuga  window  \ , » h ich 

enters  ir.  * ■-  o y pr • ; . • ns  Loti:  of  the  pressing  and  wnnnin  ; J'l" 

forces,  in.  i ass -i u i n j * .at  nr»-si,ur<  distribution  in  fla^/plu:. 
clear  at  c-  ' -nr  - n :u  ! i • • a i ch.iract  r with  which 
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it.  oiit^r  tbit  w ->ij  1 1 not  occur  thf  " :-x  [.an s ion/di  scl  03 
distributor  ( bi  > a ►.  a w 1 7 oi  vuiv>  f 1 o.n  h cisi  no)  , must  n-  u: 

condition  I'j  > : p. 


Pr-tc*  ic-  --  io  1 5 th>-  exj  msior:/ disci  isuik:  is  : 

under  cond i t ion 


n D- 

4 


In  » hi .»  cj.  * wri’iqiuu  out  force  will  te  to  IQo/o 
f rf*ss  inq  o:  -o  1.  , which  10  add  <•«  also  the  force  oi  sprin.* 
so  that  »oi:l«l  1 c provi  ;•••:  for  cl  on-  contact  in  zero  and  1 
in  system  tabl'd  into  recount  liicticn  cf  the  ferrules  of 

d!  ■ 1 uv  inta'.j-»  >;  t distributors  in  question  with  s 
arc  tii'  less  r r ;i  : , t.-.m  to  t h«  valves  examined  above  »i* 
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pi  ungm  oi"  require  T-r.t  *i  fca  : t : ; cc’  to  purity/tin  ish  <it  l t 
aeon  .icy/ : rec:  i.  ion  >i  w or  a j ng,  and  a l«o  th-  possibility  3 t o 
high  (virtually  ids  il-n-  ) a iL tight iu?ss. 


: II.  1 ! 


An  increase  1 tin  hydra  ul  it:  siip«‘o  with  an  mcrcai 1 it.  t : • 
t e iii pe  t a t ur ••  occ ur s i n r 1 . % r / p 1 a n c liiin  ikutois  l*-sa  i n t 1 n sp  1 y ( a— < 
times)  , r h .'  ii  in  s 1 « -•  v vu  1 ves , ’»  h i is  explain*  ! i y t i.  * a u - •>.  t j c z t y 

of  com  j oisidtion  lot  * 1 a y sotw*  * n the  i • in9  moved  parts.  Hmc  > 

clearance  is  ift.-t  w in*-  1 t.y  t no  thickness  oi  carrying  oil  fi:  n, 
hinder/hu;'iper-..:l  also  t » • - n*  tratii  n ir  it  in  view  of  its  r»n-al  1 •.  .t 
the  solid  particle,  of  the  cont am in a tor,  t han ks  to  which  } istr ilutors 

differ  ii.  tor  ms  oi  s.u  : i<:  iontly  high  service  1 i i"  •> . Furthered-  , n 

view  oi  *!;■  tic  or  i ir  at  ioi  oi  movable  ccll/eleaent  r nltnv  • r q 
motionlo  a thna  is  ns  dinger  ot  its  wedging  1 1.  the  car  oi  r - 
incideiiC'/i  .upingemt  at  into  tin  clearance  of  solid  contci n i , . i 

also  u . j a r suit  oi  *-  i:  *•  sp.ii'  ui  • ox ; am  ion  of  materia  Is. 


The  planes  > : 1 ii  t.r  i but  or  man  u fact  ur*  bot  h i*  h lirec  t i:  L v<  ot 
distributive  coll/*  i-.i  *n*  (tic.  ’>1)  ir <1  with  servo  eft-ct. 
diayia:  o:  - i<  la.  - t/iat  t tt  listr  ii  it  or  is  depicted  or:  Fig.  r>2.  I*  i . 
the  fourw.y  t L r e i_  posi  * ion  .slid-  Vaivo  which  ir.  tr-  o position 
disconnect ! th  war  king  lines,  connected  with  actuating  ry  lind  . , 


Tit  lijui.i,  i i 1 -a  r**  u Iron  ti  - nor  op  rativt  cavity  or  c y - : • : r , 

en te  t s t ho  i i Jt 1 1 u t .■) r t hrouqi.  second  charnel  I « .in  m t 1 •;  ci.  ••  i 

connect'  ; ♦ nr  ou  jh  c.  i:  i a wit  l.  ui  air. a jo  1 ine . A ttfc-i  ♦ he 

diaconr.  • t i ju  of  • 1 rcrr  i jr.ot  , 1 va  1 v»  9 i • t ur  ns  to  i * s i ; : 
saddle  i i rc-sr.ul  * >i  which  t h-  equilibrium  of  f-itcos  of  t i • . u;  - i. 

reduceu,  n i vjIv  . * ; i : . . to  central  [csition. 

Opoi  * • incl  usi  >f  le*ctronia<jnet  - , s ystea  ret 
direct  : in  this  case  t t ••  liquid  : , iii  cted  ti  toward  1 , 

and  wir.utw  c l con:1,  sc  ted  with  drainage  1 it-. 
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Fig. 
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t-S 

a o • ; l ot 

fc  1 oc  k 
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ca 

Vit  y 

0 t 1C 

- 'I  i 

r i T:  J 

c;  1 : ; .-r  , on*  it 

cot. ri'C* . 

♦ 

. ■-> ji  with 

t.  a r,  k . 

1 n 
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l*  ior 

ol 

ii-.tr 

i tut  or,  re p r* se n t 

e i it-  F i 
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51a,  is 
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include  1 1 ►'  r x • ♦ a 1 sv  i r !•’  i ■ . ■'  c - t'-M  r:i:;t 

i j : - * ; i t ■ i.  , • ; oi  , i .>ont  od  i :■  Fi  j.  »:  , »:c 

bo^.i  «■»  1-  , ' i on  j . 

Cl  a:.  1 i.  r i ’ U*  * ..  pl  11 J t rfp/CC.iRtS  find  d U .:><•-  aS  :i  : - 

at  s a*  -i  1 1 *i‘  ' : ■!  it  i;  i y\:  on  : n [ t i c i end  pressure. 

I;  ;^an-  ii  *•  i ; Du*  o:  • : KL<ir:j  >:<  11/  i-*men-  (pin  :)  o 
cy  lit*  dr  ic  s 1 ■:  coi  : • : 1 (?  l - . f.«M)  t y t - iccoii'S  lir.-.^s  rotary 
to  its  ax-.  ■:  . jv  *.  Cock  fiiij  mist  :»  u lane  d fro;.  * 

f or . . . . 1 . - Liquid,  sin<  >t  her  « i - ■ it  will  . ! 

a j i i i - * ...  , :ii'-  > j . can  i v • i . • 

f r ict  ic:  a 1 . i :.cii  ii  r.io  tap/crane,  : i -*  jr.i:.  «K 

represt  i ..  . r j . . , v i v*  . y tht  i ia?.  atx  ical  i / orno 


Of  |l 

Lug. 

ou i fly  c 

i 1 1 iu : i is 

l id 

t h r o u j . . 

rr.  anri..  1 £ a 

* ; o * • r . 

ippiy  of 

hydraulic  o; 

jir. 

throu  j,. 

C . . j I!  I.  1 - !■ , * . 

• *■  1 1:  k > unn*  < 

• with  c 

ha n re  1 c . 

r’oi 

•i  deer  east  ir 

friction*  * 

.1  nil 

• cian-;.'  or 

1 

frequently  u < : * i i on  antifriction  bearings*  f >:  ta 

need  1 i i -m  ( l i j . sc)  . 
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Since  t 

■-  s p r 

ir..j  i s if 

signed  1c. 

a the  ti’axr 

us  u i.  o 5 

crating  1 

1 ' , • • 

low  arm 

z.  e l o 

.... 

lot  t he 

turning  of 

tap/C 

rune  are 

r ; u i : f i 

const  ;•  r 

able 

t oic  / 

‘ in  i 

at*  rcalar, 

it  t h 

•'  lit*  t-l 

ii  . : i 

ror  t i .i 

pres 

-ai-  ..  In 

View  OJ 

this  such 

♦ u p/c  ran  os  u; 

a p p ; i ■ ’ l ; 

p u i. 

<10  0 

K.y/e  ;n  . 

Fi  jm  - 5'a-c  show  the  circui*  •iiagr.j  m ot  Ki->  wid  ---.pread  or  at* 
distributor  into  r 1 • c jinoi  :•  y Jit  out  of  actuating  cylinder,  "uai: 
connect  w it. l.  chai.i:  •]  .j  tank  with  channel  L;  channels  r ar.,1  i - ir  • 
hydraulic:  < ;jine. 


C oc h j 1 u , as  tv o 

; • rp-i.u 

i c u 1 

fit  , 

tut  not 

i nt ercc-ct  ir.y 

op  en iny/apertures.  it 

can  occu 

py  t 

WO 

a r.d  mete 

than  angular  < > 

Similar  ♦ a /cranes  ir- 

a ppl  i<-  d 

as 

ind 

e ; ar.  i : n t 

d is  * t i b u t or  , a n i t ; so 

as  ta p/ci aae-pilot . 

Sic  wing  crane  wit  a flat/p  la  no  distributive  cel  1 / * 1 -- m --  r.  * . A. 
appliec  also  distributors  (tap/cranes)  with  rotary  flat/ular- 
distr  it  ut  i v • ceil/  letsnt  (valve)  . 
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J 1 d 1 1 L d »•'  > i ■ 

: . si  it  pi  s t t a 

!>/cr  me  j£  this  *:  y n i 

represf  i.  - 

1 i r Fi  i - >• 

• : . . 1 .it/p  1 .in  • 

rotary  coll/el*  n-n4-  1 

sickle-.,.. 

il.O-l  .JCJOVti/. 

lot-,  twir. aow ) 

c a ii  i . with  t ho  ill 

a nee  non 

j ; oove/.-l  ot 

, t.OicUiiit  1 : , 

which  driver  to  liikn. 

cons*cut  ivt-iy  i c m.  -•  I oat  ir.q  the  icta+ion  ct  tao/cii, 
90°  by  c a:.r*-i-  - i ! l,  which  duvt  to  h ydiauiic  on  jin  ; 
taeso  <•.  iii::.  '1:.  w it  a t i. .no  oi  j roo ve/i> lot  c and  open-end 
the  rota  i y i e ] 1/1  r.t  c:  1 s ucct  ~si  V*- 1 y cciuu-cnl  win: 

ch.mel  ; . conn t ct i ■ i wit},  puir.p» 


p 
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For  th.  <iisch  ii  Lr  ; or  rotary  cel  1/e  lenient  f 1 o:t  the  fore* 


the  op  l ; 

* ir\ 
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actio t:  or 
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In  si  (i  v*'. vo  t,  , nydi'uulic  irive  ai-  applied  similar  • 
pr°cisio!.  v.iJvp-  * i t.  i.  rot -try  flat/;,  lane  cel  1/olem  »nt  ana  z--  ro 
overlap.  7 no  ;iajra:n  of  a similar  v a i v -■  is  shown  in  rij.  S 7a  . l igu 
will  b"  tea  trea  .nil::  p 1-.  s«:<  1 in-  to  open  iny/apor-"  nr  ss  j n ; ; o: 

heusi ny  . I:  t n .■  » r-‘~  ,>ositior  or  rotary  slide  valve,  1 r ho.;, 
openifi'j/d!  «*r  tores  o /■  slap  v it  it  the  cross  connections 
ex  pen  it  tui  winnow,  i , 5 at.*l  or  this  valve,  conncct-d  * it  i * 


it utoi 
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Th»*  w i It  i s or  t..  t.  ctos:  con'  eo*  ion  let  •? i mi  nes  t b •» 
size/di  ensioi  t«  > v rlap:  with  s - d,  -it  1 - the  dial  * : of 
open  i ny/ a ; -c  t ur  e ...y  rl.it  i jual  to  z<  ro.  In  rare  th..  1 ; 4 u i ’ i; 
abst  r act/r  c..io vc  i thro*.  3 li  open i nq/a  pc  rt  ures  k,  c,  r an  i g. 

In  th-  val  ve  1 : pi-sticn  are  implied  the  paired  window:  r 01  ai 

increase  in  th-*  n •••  1 : channels  at. a obtaining  th-?  »-vf-r.  lif  tri:  11  ♦ : on 

cf  loac  on  rotary  vilv  . 


tJr.dot  t h*.*  conditio:;  cf  the  ‘'quality  ci  the  ciasctnis  01 
opening/aperture  > i 1 n .1  l of  power  supply  (distributive  wit  lows)  u • 
during  z ro  jv  rla,  (s  = i)  the  angle  :<etw>.»en  c&h*-  rs  a r 1 , 

distributive  window . *n  bushing  and  in  valve  ( [■  i j . 57  b)  3*  + v>< 
torgue/wonicnt  of  t n-*  u - jinn  iny  of  thoi  r coincidence  (cotita  c* ) i • 

equal  to  p . Durinj  tin  rotation  ol  valve  in  tut  direction  of  t 
coincid.  r.ct  (in  ‘ .1  •;  iir^ction  ot  art  ow/po inter)  of  w inlo*  s t > r rt  mi 
angle  n*  a t.y  1 > i-  • *«•  *:  ♦.  h e a nVu;  of  these  oper.ing/a  p.-t  fir*  ■ 
their  n — w nosit  ion  (o*  tween  centers  Oj  and  C2) 

Y *=  <P  — A<p. 
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(practical ly  coi  Let  ) i i r t igh t ness.  The  ol  : i . v . is 

Fig.  58a. 


rh«  : . i . . . ire  | ..  ♦ into  action  . > m la  J , - »•  : • 

and  elec  trot.  cl.  i ic.-  1 1 vie  'o.  f :ot.  n jr  uai  e-vires  it  ? lost  cot 

valves  k it  i t U<  r o c ke i . : ■ v hos<  diagram  f o i the  power  supply  >1 
cavity  ol  ti...-  ;;  yiriiiic  • :.j  ir.r  ot  reciprocal  actioi  is  .iv’-’  n i 
54  a.  i t 7 nent ra  i ( .•  i i ) position  cf  i sc  kei  arm  1 , bo  tl  v • 1 i 

and  J -ii-  loci'  i - ’ -•  a ’■/sock  to  ; ir.  tnis  positioi  of  val  v. 

cha  nn-il  i or  t.  y a i ;i  Li  c < n ; i i.  uiset  rnfectd  i o’  n trot.  h L-?  c.ian: 
i,  connect  i wit  n . i , ana  tro:-  ci.anric  1 connected  wi*l  tar.k . 

During  *.  • lotatior.  ■>:  lo v«-t  1 +o  ti.«  i ight  with  . v.Jraulic  tot.  in 

will  bf  c jr.n-ct  <•  i c.ii.iio]  ; ot  puirp,  lurir.j  rotation  t > t < !•>  r * 


c oi  n ■ ot t 


1 c ot 


a r.  V 
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one  pair  or  tie  ot 

hr  r 

Of  V:t 

1 v i 2 o i i , 

; r o v i i i 

n 

t h t 

su 

; r1 

i y 

(d i vo r 

si  on/ rap)  >i  1 i rj  i 

*■  o 

the  a 

P t r o ji i iii t e c 

X V 1 1 ; of 
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g 

eyl 
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4. 

R = PlFx  + Pnp  + sn  — Pz  (Ft  - f). 

wht're  I-  , tii  1 V 2 • lufi’acfc  arms  or  t 1.  - cent  act  or  g a * with 

seat/sockft  accord  i n i *•  o liamctc  rs  L’,  and  D2  (£•*-*  Fig.  58b)  . 


I f o ri 

e assume 

3 

* t:  a t 

the  1 o:  cr  of  t 

he  tightening  of  * i. 

e spring  o 

Pnp 

an  d 

pr  ess ur e 

p 

i i 1 q 

uiu  srter  gate 

is  detached  away  f 

r o a s.icdlo- 

the  y 

will 

no*  chan 

j n d 

pressure  in  th 

<=>  formed  sio*  it  «i 

11  o ec  1 o g si 

cn  li 

n t a r 

j on  den 

C • * 

f r c m 

n,  to  pg  (see 

the  curve  of  t.  ir, 

Fig.  5r.h), 

ttic  n 

rorcj- 

*<  ! , n , c 

t-S 

■■  it  y 

for  t he  £u  r t h c 

r displacement/rrove 

train  t or 

gate 

ilt.  ; 

x x.  i.o  i 

€?  t. 

ac  . sd 

away  iron  sad 

die , it  will  com t os 

0 

1 — P\F\  + PnpSd  Pi  (Ft  f)  Pep  (F 1 

where  St  - the  frictional  £ o r c < of  motion; 

mean  pLvcsute  in  slot. 


Ft), 


t. 


t 1 


■'?/2 


Cons*  ly  , 


roice  or  ?x 


L ) J c; t . 


t 13  1 ^ a *■  *.  r 


nar, 
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-ft  +Pt  ,p  - , 

2 (O  — Pi), 


and  aloi  io  a dit  I ’runes  in  tin-  rr  ictiotial  nreps  or  the  r<-r  t of 
and  iov  :a*»r.t  of  5a.  in  iccordjnct  wit.;  which  after  the  f i r a * a wa  v of 
gate  r ioc  s .•at/soc k •'*  mh  force,  necessary  tor  i-r;  further 
dis[>  1 acei;  >.  nh/n'O  v mi*  , will  be-  lowered. 


.’T--r  liocov  -»r  v/ouerin  j gate,  the  pressure  in  cavity  a will  i 


raised 

to  1 ! 

: ,>  + a p. 

wher-  A 

i it 

will  be  r a i sc  d 

i pr 

ess ur  > 
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; * in 

cavity  ; 

: tot  die 
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ica 1 si 
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the  -jivei  1 i n i mj/ca  1 cu  i j * i on ... 
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D'lrir  i r :■  rotat ioi  > :y  lind  i , tl  ca  n/ ca tch/  ja vs  affect  t h 

stock/i  o<«:>  of  cor  i •>  >;)•>•:  1 1 ;n  conica  f pi  t .»  1 , prcvrdi  ag  t. ..  • , u ;>  i y or 

liquid  ii  ♦’ll-  eavi  h y actual  rn<|  cylinder  (hydraulic  *-r.  ji  r.<‘ ) 0 at.d 
its  a Ivor  .ion/r  i i.  * . i-o.nt  io:  , presented  an  5i).  00a  , ♦ a ? l-juid 

from  th*  ci.  inn-  1,  co::  n wi  + i pump,  oo;m;a  throuju 

discovi  cy/openr : j ; ( • I i e a ) gate  4 into  th->  loft  cavity  of 
actuating  cylis.  1 >r  > nr;  is  driven  out  into  tank  from  ti  * :i]M 
cavity  oi  ‘ a cylinie:  through  the  valve.  Tue  cth  tr.»  two  j./r  a- 

located  w i ♦ a it.-:  sa  i.il  ...  during  t n r rotation  of  cylinder,  : i :.t  > 

action  than  - |,i*  . ; rovitiiny  the  ru.yjy  ot  1 i i ui  i into  the  r r j ‘ 

cavity  o.  cy  linear  mi  i t.s  d i ver  s ion/t  a p rr  ca.  lift  cavity. 

Fi  j ur-  hu:  i »r  fet  > t he  dia-jra  ii  >t  the  three- position  vulv 

action  o:  j ir^ct  H otrihutor  with  two  valves  1 an  1 4,  control: 


elec:  t row 

i j u ^ t .s  2 ^ n • 

1 i . K 

it  i.  s w l tc i.  ; 1 
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rti 

e lectr  >ma  j n 
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connected  with  tne  ui.  ion-  of  forcing.  4 ita  the  conn  - - 3 

elect  l'ou  aq  not  i in  j sw  it'.:  a*  i olt  lec*  roaa  jn--»ts  0,  will 

act  ua  r.e/o  1 . -*r  at  - v.tlv-  0,  it  roc  connect  ing  the  seconu  cavity  of  -u  1 

with  the  liiai  . line  ci  forcing. 

Act  i :..j  i 01CC  i.  / ;L'CO  F (:-.et  ;•  1<J.  5 Ha)  , whir-'  n.u.rt  1 1 ■ * 

snanK  a or  ri  - git-:-  or  1 valve  with  t he  shat  ;>  ceiling  01  ia  ' >~  i 1. 

elevation  or  its  1 • * or  •.  ion  in  the  1 uilt  ur-  position  (wi  rhout  • 1 r.  1 1 

into  account  tn*-  r-  -j  ” ion  forcer;  01  fl  ui  -1  flow)  in  ; ac.uaii  1 r tat  the 
pressure  of  medium  on  t h e r-  xternal  enJ/fac-:  o t shanx  m Ho-:.-  r.  >-  r:'  , 
it  is  yoi  ; iole  to  calculate  accord  ini  to  expression 


R = P iF-  P 2 ( F-n  + Pnp  + 5„. 
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jdtc,  »ill  iopend  undo 


co nd  i tioi. 


o'.  tK- 


lit  - oi  ms  contact  surface  with 
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in  the  cor.  iC': 

i 1 ..let.,  for  me  1 
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surface  of  cu'e  wit.,  * ... 

sur  f ac« 

of  seat/soefa 

■ , pressure  is 
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(contact  occurs  on  on*  warn 

flange) 
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d or.  the  surface  oi  th 

gate  of 

Va  1 v . 

For  tiie  uisch  > r j : : oi  * t e gate-  of  valv^  from  the  force  or 
pressure  a1  li.,ui  it  j applied  tie  lifiei'iit  structural/:!  si  ■ ■ 
means,  on-’  of  whicn  r.  * r,  balancing  of  this  fore?  the  force, 
oppositely  iirocted. 

Figure  p,  la  lepic-s  the  design  diagram  cf  valve  with  tie 
balancing  of  forces  or  pressure,  which  ac*  hot  h a*  +ho  inlet  t ini  t * 
the  out  put/yiola  or  valve.  Valve  2 in  its  lower  part  is  equips  ■<'  * ia‘ 
which  laiar.ee  pistoi  i.  I : diameter  D4  tnis  piston  is  p’lil  to 
diaaett  t 1)  of  valve  :->  at,  t her  t h*  latter  is  unloaded  from  •••!  i * io 
forces  or  pressure  i liquid  ii  chamber  b. 
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The  v<i  1 ve  is  in  *■!:>;  general  case  th«  egu  ipment /lev  ice , intended 
for  a control  of  fluid  flow  by  automatic  changing  the  working  window 
under  the  effect  through  it  of  the  working  fluid  taking  place.  In 
hydraulic  driv^  th*»  vilves  are  utilized  in  essence  as  the  pressure 

rejul  itors  and  fluid  flow  rate.  Pressure  regulators  are  subdivided 
into  protective  (overflow)  and  reduction  valves,  flow  regulators  are 
subdivided  into  staoilizers  and  the  limiters  of 

ex  penditure/c  onsu;a  prion , and  also  *b  divider  /denominators  of  flow 
and  check  valves. 

Safety  valves  restrict  a pressure  increase  in  system  over  ♦■hat 
which  was  assigned  by  means  of  the  periodic  and  single  d iv»rsi on/tap 
(letting  out)  or  ligui  1 into  tank,  overflow  valves  ate  intended  for 
maintaining  pressure  in  system  by  means  of  the  continuous  letting  out 
of  liquid  as,  for  example,  with  the  choke  of  regulation  of 
expenditure/consumption  (rate  of  hydraulic  engine). 

Are  iis* inguished  action  of  direct  valves  and  two-stage  valves 
(with  servo  effect).  In  action,  of  direct  valves  the  size/dimensions 
of  working  window  change  as  a result  of  immediate  effect  on  the 
locking-controlling  organ/control  (gate)  of  the  passing  through  it 
flow  of  working  fluid.  Ir.  valves  with  servo  effect,  the 
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size/d  intensions  of  working  window  (windows)  change  as  a resul*  of  the 
effect,  of  fluid  flow  to  the  locking-controlling  org an/c on t ro 1 through 
intermediate  means.  Ts  applied  also  name  "valve  of  the  pressure" 
hearth  by  which  is  understood  the  controlling  hydraulic  apparatus, 
intended  for  a control  of  the  pressure  of  liquid,  and  also  ♦he 
"pressure  valve",  intended  for  the  limitation  of  pressure  in  the 
supplying  hydraulic  lines,  whereupon  depending  on  the  performed 
function  these  valves  they  car,  be  called  protective  and  support 
Vd  1 ve  a. 


Action  of  \ i r e c ♦ valves. 


The  operating  principle  oi  such  valves,  used  ir.  the  hydraulic 
systems  of  machines,  is  based  on  balancing  by  the  external  force 
(spring,  electromagnet,  load,  etc.)  of  the  force  of  the  pressure  of 
liquid,  which  acts  on  the  gate  of  valve  (ball/sphere,  th a plunger 
with  conical  landing  place,  etc. ) , which  under  the  ac* ion  of  this 
force  tightly  (hermetically  sealed)  overlaps  passage  channel  (Fig. 
62)  . 


After  the  force  of  pressure  of  liquid;  acting  on  1 1.  ? gat?  of 
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valve,  will  ova  is  omo  * ;*  i s i . acti  v*  **rn  al  foi  Cf,  ■?  it  e,  -i  ft  or 
displacing  from  it.;  saddle,  will  discover  passage  for  i li  guil  into 
drainage  line  (into  tank),  with  decompi  essiorr  at  the  inle*  in*-  o valve 
lower  than  the  value,  which  corresponds  to  the  reactivo  external 
force,  tti  gats  again  will  overlap  the  passage  of  liquid  into  tank. 

Ir.  accordance  with  this,  the  safety  valve  is  the  throttling 
equipment/. ie vice  (organ/c ontrol)  with  variacle  flow  passage 
cross-sectional  area. 


Simplest  of  the  safety  valves  is  1 ill  teat  in  g with  tie  constant 
(Fig.  62a)  or  adjustable  tightening  of  spring.  However,  tiass  valves 

are  used  only  during  relatively  small  pressures  and  during  short-term 
actio;?,  since  in  continuous  operation  ball/sphere  as  a result  of 

vibration  unevenly  develops  (if  divide/marks  off)  the  s=>i  t/soc  xet  of 
valve.  For  a decrease  in  this  norm  n i for  ;n  it  y of  the 
consu  rapt  ion/product  ion/ge  ae  rat  ion  of  saddle  nall/sphera,  in 
particular  in  the  valves  of  the  systems  high  pressure,  they  equip 
with  guide  m (Fig.  62b) , with  the  aid  of  which  is  provided  its 
displaceraent/iBoveme  nt  only  along  axle/axis. 


This  sa  me  type  includes  the  valve  with  the-  conical  ga*e  whose 


diagr  an  s 


ri“  depicted  on  Fig.  62c  and  6 la. 
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The  necessary  coalitions  of  providin'}  an  airtightness  of  the 
last/latter  valve  is  the  obsei  vines  of  a .strict  axial  alignment  of 
cylindrical  an.l  conical  surfaces  of  gate,  and  also  the  axial 
alignment  of  the  iirocting  cylinder  of  the  valve  holy  a r.  i conical 
sea  t/soc  k j t. 

The  control  of  the  precom pr essi on  of  spring  2 (Fig.  la)  is 
realized  with  the  * id  of  bolt  d.  For  oscillation  damping  is  provided 
throttle/choke  1. 


Characteristics  of  valve.  The  quality  of  safety  valve  is 
estimated  at  its  static  and  dynamic  characteristics. 

Static  characteristic  expresses  the  dependence  between  the  input 
and  output  values  in  steady-state  mod^  at  the  different,  but  constant 

loads.  For  valves  such  characteristics  usually  express  the  dependence 
of  pressure  p and  of  1 isplaceaent/movement  h of  gate  in  the  function 
of  ex  pend  i turs/con  sum  n*  ion  of  Q (p  = f (Q)  and  h = f (11)  . 

Dynamic  cnarjo  t=»r  ist  ic  describes  the  transient  process,  which 
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uro-*'-1 1 * i r vi  1 v-  in  *■ . i ■ . >i_  ? i o d of  r h e 1 is  p lace  mo  n t / m o v e ib  e n t of  q 3 t e ■ 
ami  chan  m in  t he  loal,  • x^no  iture/consum  ntion  etc.  Th»  Ust/lattor 
cha ca  c*- e 1 i s t ic s includ  * a 1 go  the  r re  quoacy  ch  ai  actor  ist  irs  , taken  in 
the  mode  of  forced  oscillations. 


The  calculation  of  valve  for  a vork  in  static  behavior  is 
reduced  to  the  determi pat  ion  of  the  area  of  the  working  window, 
necessary  for  the  passage  through  it  tne  required 


ex  per.  .iif  u: 


‘/consumption  .1  of  lipoid  wi-h  the  assigned  pcessui 


di  f f err-p.f  ial  Ap.  pluil  flow  ra-o  ■;  and  the  pressure  differential  Ap 
are  connected  by  equation  (20)  , in  which  enters  the  variable  area  f 
of  working  window,  that  depends  or:  iiai  <ght  / alt  if  ud  e h of  valve  lift, 
and  also  tf  variable  coefficient  of  ex  pend  ituro/consumpti  on  m- 


Figure  64  depicts  the  experimental  curve /graph  of  the  dependence 
of  the  coefficient  of  expenditure/consumption  (J  valve  with  the  angle 
of  taper  of  rja,’a  of  a pe  x/ve  rtr  x,  t nia]  to  a = ‘iO0,  on  P 0 of  different 
pressure  differentials  Ap  = pj  - pr  was  calculated  f rot 


ex  [ire  snon 


Re-iiifi=r  JR!-=W- 

KL  y 2v/ad  nd\  ’ 
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where  the 
peri  mete t ; d 

the  gate  and 


rl-=fia  - a hydraulic  radius;  here  a - 2n  i 
- tha  mean  diamettr  of  the  section  of  slot 

valve  at. 


is  wetted 
formed  Lv 


Fi<j.  64.  Dependence  of  the  valve  flow  coefficient  p on  Pe. 


Key:  (1).  Coefficient  of  ex  pend  itu  ne/consura  pt  ion.  (2).  kjf/c;n 
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Expor  imer.t  s a ro  carried  out  on  the  oil  of  A1G-10  at  or  30 
degrees  and  5 0°c. 


I r.  this  curve  sufficiently  distinctly  observed  two  section  Pe  < 
40  and  Me  > 40.  For  the  first  section  ( Pe  < 40)  the  coefficient  of 
expend  it  urc/con  suni  pti  on  can  be  calculated  according  to  expression 

' 

p = 0,126Re. 


For  the  second  section  (pe  > 40),  which  is  basic  (predominating) 
for  valves,  the  coefficient  of  t xper.  di  ture/consum  pt  ion  in  practice 
does  not  depend  on  Re  and  can  be  accepted  for  this  valve  u = const  = 

0.  75. 

Ii  a series  of  recommendations,  the  of  the  coefficient  of  Pe  ^ 
4 0 is  taken  as  p = to  const  = 0.3. 

Since  the  section  of  tj-iP  slot  between  gate  and  valve  seat  luring 
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lift  changes,  luri 
its  diameter.  Spec 
slot  during  its  li 
b)  : 


In  accordance 
va  1 vo  wit  a conical 


where  t is  ^ size/d 
direction;  ,]  is  a i 


‘A  OF. 


X, 


3** 


no  the  calculation  M.oy  *ake  the  average  value  of 
i - 1 1 - a 1 1 y , for  a conical  date  the  mean  diameter  of 
ft  is  determined  approximately  (see  Fig.  f>3a  and 


with  this  tho  current  area  of  the  passage  slot  of 
> ar.d  with  f ho  sharp  edge  of  saddle 


f = ndj=nt  (1±£), 


intension  of  slot  in  section,  perpend  ion  lat  to  flow 
iaaeter  oi  the  charnel  of  valve  (sharp  ciges  of 


saddle)  ; 1 , 


the  diameter  of  the  cross 


section  of  the  cone  of  t[,e 


r 
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gate  of  valve  in  th 

Prom  desig 

th  a t 


in  accordance  with 


where  h is  a slirabi 
ct  — cone- apex  anji^ 

■Since  h cans  id 


D A G E 


a built  up  position. 


n diagram  ot  valve  (sec-  Pig.  Ola  and  L)  it  follow 


d1  = d — h sin  a h f = h sin  , 


w h i c h of 


f = ndh  sin  -|-(l  — -g-sln  a). 


ig  range  of  the  ya'-t  of  valve  along  its  axle/axis 
of  the  gate. 


erebly  less  than  i,  by  the  second  t-Tin  of 


difference'  possible,  in  particular  during  small  lift 


Ik 
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(disc0v9ry/opf*nin g s)  , r.0  disregard,  us  u result  w«  will  obtain  the 
simplified  expression 


/ = ndh  sin  ~ . 


Page  71 . 


In  -i^cordanst  with  this  expression  for  a oxpenditure/consurnptioa 
through  the  valve 


Q = nhdn  sin  ~ ]/ = AVi  V A p, 


(38) 


where  the  K = \ind  sin  - the  conductivity  of  vulvt 
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Us 

in  q u os 


Cl  i 

equal  by 

60°. 

For 

and  low 
where  u 


ii.-j  expression  (3«),  wo  bind  the  climbing  range  of  -bo  valve 
t.ior:  with  - ho  sharp  edge  of  the  saddle; 


h = 


Und  sin  a/2  V 2A p 


V 2A p ' 


mbing  range  in  valves  with 
h = (0.2-0.  i)  d.  To  avoid 


a - 60-90°  usually 
wedging,  the  angle 


is  selected 


t must  he 


the  in  hydraulic  drive  protective  high-pressure  valves 

expenditure/consumptions  the  lift  of  gate  usually 

h = (0,1  a- 0,5)  d, 

i:‘  a diametor  0f  passage  opening  in  valve  seat. 


For  1 ur  •>.»  exp  -nd  it  ur  e/cor.  £u  apt  ions  and  low  pr^ssuc-ai , an 
applied  i-  :i«  val  v?:;  with  th>'  liit  of  gate  h = (0.25-0.  Id)  1. 

Ir.  vLt*w  of  t ne  fact  that  the  coefficient  of 
expen>litur»-/c  orsua  ption  ^ i or  poppet  valves  with  the  sufficiently 
sharp  eii qo  of  seaf/soexet  is  retained  virtually  constant  )v->r  a wide 
range  of  lifts  h of  gate  (see  Fig.  F4)  , expression  (3S|  it  is 
possi  nle  to  present  for  specific  conditions  in  tho  fora 

q = b i r~Kp, 

where  the  B = Kh  — p/idix  sin  -^-g/2/p  - constant  for  thnsa  conditions 

term. 

The  proced in j /pr  ' vious  cxpioosion  for  q shows  *hat  un i^c 
otherwise  cjual  conditions  the  e xpen di t ure/consuro pt ion  is 
proportional  to  sguaro  root  z of  jump/drop  An  = n,  = n?  pressure. 

The  rate  of  liguid  in  the  feed* r {in  the  opening/aper ture  of 


seat/socket)  of  safety  valve  during  calculations  usually  is 


so lected 
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to  15  ai/s,  bat  some  tin  »s  in  high-pressure  valves,  they  select  to  30 
m/s  and  above. 


Forces,  which  act  on  the  gate  of  valve.  On  the  gate  of  valve, 
act  the  forces  of  hydrostatic  pressure  and  friction,  force  of  the 
hydrodynamic  ef  feet  of  flow,  the  lateral  force,  caused  hy  *he 
dissymmetry  of  the  distribution  of  the  pressure,  of  liquid  in  radial 
clearance  and  b y misalignment  of  ax<=s  o:  gate  and 

opening/aperture,  and  also  the  force-  of  the  literal  pressure, 
produced  by  the  asymmetric  action  of  * he  force  of  spring. 

During  the  first  stage  of  the  calculations  of  valve,  are 
considered  only  the  forces  of  hydrostatic  effect. 

The  pressure  differential  Ap,  which  corresponds  to  the  begirnin 
of  discover //opening  (or  to  the  end  of  the  coverage)  the  gate  of 
safety  valve,  for  i valve  wi*h  the  sharp  edges  of  landing  saddle  (se 
Fig.  63a),  i.e.,  the  equilibrium  condition  of  tha  static  forces, 
which  act  on  the  jn*e  of  valve,  it  is  possible  *o  determine  (no* 
allowing  for  tne  frictional  forces  and  weight  of  gut.^)  by  equation 


gate  of  valve,  washed  by  liyuid  under  pressure,  on  tho  plane, 

perpendicular  to  its  axle/axis  (sectional  area  of  gate  on  line  of 
contact  of  its  with  the  edges  or  sad  :1c)  ; here  d0  = -1  is  a diameter 
of  the  circle  of  tn  in  projection  (tor  valve.;  with  the  sharp  edge  of 
saddle  this  diameter  is  the  diameter  d of  the  opening/i  par  ture  of 
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■ a BneHue  /KudKocmu 


Fig.  6S.  D p p *r  r.  3 3 a c e-  of  pressure  at-  the  inlet  ir  valves  on  fluid  flow 


ra  t e. 


Key:  (1)  . Fluii  Clow  rate.  (2)  . 3<  duct  ion  in  the 

expeniit  urs/cor, sun  ption . (J).  Zone  of  hysteresis.  (U)  . increase  in 

the  expend iture/corsuaptior.  (5).  Pressure  of  liquid. 
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und^r  this  condition  fhe  pressure  iitferertiil  Ap,  which 
corresponds  to  the  beginning  of  valve  opening  with  sharp  elge,  is 
equal  the  pressure  differentia]  in  the  moment  of  the  closing  of 

valvp. 


After  t h f valv-.-  is  dr4,  ached  away  from  its  seat/sosket,  the 
pressure  differential  can  sul  st  ant.  i all  y change.  The  latter  in  essence 
is  caused  by  the  emergence  of  flow  forces,  and  also  fact  that  with  an 
increase  in  the  expund it ure /consumption  through  the  valve  the  gate  of 
the  latter  must  ho  built  up  or.  the  appropriate  height/altitude,  in 
connection  with  which  the  compression  of  spring  and,  consequently, 
also  the  pros sura  or  liquid,  which  requires  for  the  r®t  ant  ion  of  th° 
gate  of  valve  in  the  built  up  position,  they  will  be  raised. 


Figure  95  gives  the  dependence  of  pressure  on  the  expenditure  of 
single-stage  valve  during  ] isco v^r y/open in g gate  (during  an  increase 
in  the  expenditure)  and  with  coverage  (with  a decrease  in  the 
expenditure),  curve/graph  shows  that  the  pressure  of  p„.  which 
corresponds  to  the  beginning  of  valve  opening  during  a pressure 
increase,  is  more  pressure  p0  at  the  end  of  the  closing  of  valve 
during  a decompression.  The  difference  in  these  pressures  with  equal 
expenditures  determines  hysteresis  protective  + he  valve,  by  wnich  in 
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the  general  case  is  understood  the  difference  between  pres.su  res  with 
opening  and  of  -j » t « » with  the  sane  . xpondit  ure.  Tr.  connao  tier,  with 
Fig.  6r>  this  hysteresis  is  cl  aract  or i zed  for  a carrying  charge  ty  the 
difterei.ee  of  pressures,  expressed  by  cat  u. 

By  the  reason,  which  lead  during  t cnange  in  the  expenditure  to 

the  d ist  urba  nce/br  ea  k do  wn  of  the  stability  of  pressurff*  (and  to  -he 
appearance  of  hysteresis),  are  characteristic  of  spring  and  friction 
of  the  movable  parts  of  valve,  and  also  a change  in  those  acting 
during  the  lirts  of  the  gate  of  the  valve?  (in  transient  conditions) 
of  the  forces  of  pressure  of  liquid,  including  force  of  yiertia  and 
of  flow  forces. 

For  an  increase  in  t h«  stability  of  pressure  during  a change  in 
the  expenditure  first  of  all,  it  is  necessity  to  raise  ♦■he  elasticity 
of  spring,  which  is  reached  by  an  inert  ase  in  its  length  (by  decrease 
in  the  coefficient  of  its  hardness  C) , ani  also  maximally  to  reduce 
frictional  foice  and  Mn5  course  of  gate. 

The  dependence  of  pressure  or.  the  expenditure  ideil  from  this 
viewpoint  of  valv?  is  expressed  not  allowing  for  flow  forces  of  the 
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vertical  straight  lire:-  a (rig.  Oc>)  loth  with  an  increase*  of 
ex  pen  a i t uti*  iron  the  zero  to  the  maximum  value  uni  during  a 
in  it  ma  the  maximum  to  the  zero,  pressures  at  the  end  of 
and  also  at  the  end  of  the  coverage  of  gate  for  this  vil va  c 
with  the  pressur?  of  the  aaaa  of  the  \r  ginninj  or  lift. 


tii  ? 

re duct  ion 
the  1 i f 1 , 

oi ncid  e 


The 

valve  to 


frictional  forces  of  [lunger  determine  t ne  sensitivity  t. 
pressure  c.var.  je,  which  is  os-  i mated  at  relation 


6 


Ap_ 

P ' 


where  Ap  - the  excess  of  pressure  above  the  nominal  (calculated) 
pressure  p,  determined  by  the  fore'-*  of  valve  spring-  Sensitivity 
oscillates  within  sufficiently  wide  limits  (d  = 0.01-0.1)  and  depends 
on  the  construction  or  the  working  section  or  ga^.e  and  form  of  saddle 

(plane,  conical),  and  also  from  frier,  icn  of  plunger.  Thus,  for 
instance,  in  vulvas  with  plunger  gate  (see  Fig.  0 7)  sensitivity  lower 
than  in  valves  with  conical,  Mit  fact  more  with  elj«  gate. 
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raking  into  account  frictional  forces  tne  force  condition  of 
equilibrium  (not  allowing  for  flow  forces  of  fluid  flow  and  force  of 
inertia),  which  act  on  the  conical  gate  of  valve  with  sharp  edges  in 
the  beginning  of  valve  opening  (breakaway  of  gate  from  saddle)  or  of 
coverage  (Q  0;  0), 


&pfo  = P0  ± R = C7i0  ± Ap  = = CK  ± P 

U /o’ 


where  PQ  is  a force  of  soring  with  zero  valve  lift;  An  - the  pressure 
differencial  of  liguid,  which  corresponds  to  the  beginning  of 
discovery/opening  or  to  t h°  end  of  the  coverage  of  the  gate  of  valve; 
f0  = rrci^/u  - the  sectional  area  of  tne  gate  of  valve  on  line  of 

contac*  of  i*s  with  -he  edges  ot  saddle  (projection  of  the  surface  of 
valve,  washed  by  li  pi  i 1 under  pressure)  ; 9 is  a frictional  force  of 

the  rest  ot  th-r  moving  elements  of  the  valve;  C - Mi*  stiffness 
coefficient  ot  spring;  h0  - Uic  preliminary  reduction  of  spring 
(during  zero  valva  lift). 
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During  the  approximate  practical  calculations  friction 
f r» que r.t  1 y they  disregard. 


After  the  gate  is  detached  away  from  its  seat/socket 
discovered),  the  pressure  differential  will  change  lu^>  to 
in  the  effective  area  of  gate,  on  which  acts  the  pressure 


(it  will  be 
a decrease 
of  liquid. 


From  the  chal  chul  at  ion  of  the  diagram,  given  in  Pi),  bla  and  b, 
it  follows  that  witn  enclosed  valve  with  the  sharp  elges  of  saddle 
the  pressure  of  liquid  acts  on  its  gate  ovh  section  wi-o  a diameter 
of  d,  whereas  with  that  which  was  opened  v live  this  section  will  be 
determined  by  the  a ] t nr  r.at  ing/ var  ia  ble  diameter  d,  < d of  the  section 
of  the  cor.'-  or  the  gate.  Ir.  accordance  with  this,  ♦he  effect  iv«  area 
of  valve,  on  which  acts  tbf  pressure  of  liquid  after 
discovory/oponing  ga‘o. 
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A f t £' r substituting  the  aua  oi  slot  into  (3B)  ot  flow  equation, 
we  will  obtain 


Q = |in  {d  - h h cos  P>^. 


decrease  in  *Ir-;  effective  area  of  ♦he  f,#  of  valve,  caused  by 
difference  1 - d,,  neyliyibly  little  and  it  in  the  majority  of  cases 
can  be  di  si  -'jar  do  1 . 


Pa  ye  94. 


The  foice  condition  nf  equi  lilrium  , which  iuf  on  f he  qute  of  valve 
with  the  sharp  el  jo  or  sc  a*  /so  eke*  , wit  .1  - he  maximum  fluid  flow  rat« 
tak  es  t he  foi  01 


where  th°  pmx  r>  pn  - force  ot  spriny  luring  its  compression  on  h0  + 
h;  here  ?□  i s a fore®  of  spring  during  procompression  on  h0; 

f+<f 0 ~ th  ■i  effec-ive  area  of  valve  [s">e  expressi on  (40)  ];  h is  a 
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has  r.ot  sharp  edgos,  anil  a certain  sur  lace  (see  Fig.  hie),  in  view  of 

which  the  stability  ot  the  forces  of  pressure  of  Liquid,  which  act  on 
valve  and,  consequently,  also  difference  in  the  pressures 
pH  at  the  start  of  the  opening  and  Pq  at  the  end  of  the 
closing  will  be  even  more  considerable.  Figure  63c 

shows  that  before  the  breakaway  of  the  gate  of  va  lv«  from  saddle  the 
force  of  spring  is  balanced  by  the  pressure  of  liquid,  wtiich  acts  on 
the  projection  of  the  washed  surface  of  gate,  by  which  for  a 

hermetically  sealed  valve  will  be  the  sectional  area  of 
opening/a  pert ure  with  a diameter  of  d.  Aft«r  as  gate  is  detached  away 
from  its  soat/sock»t,  liquid  will  ei'Her  the  slot,  formed  by  the 
saddle  and  the  cone  of  gate,  as  a result  the  area  to  wnioh  will  act 
the  pressure  of  liquid,  it  will  increase  by  the  projection  of  the 
area  of  saddle  by  the  plane,  perpendicular  to  th->  axle/axis  of  gate. 

It  is  obvious  that  the  pressure  of  the  inward  flange  of  the  contact 
of  gate  wi*-h  saddle  is  equal  to  operating  pressure  , waareas  of  the 
outward  flange  of  slot  it  is  lowered  up  to  a pressure  of  p2,  equal  to 
pressure  at  output/ yield  from  valve,  with  the  coricit/  of  the 
surfaces,  forming  the  slot,  a change  in  the  pressure  from  p>  to  p2 
occurs  according  to  the  law,  depicted  on  Fig.  63c  (shaded 
ar  ea/sit°s) . 


In  accordance  with  this,  the  force  condition  of  equilibrium, 
acting  or  the  gate  of  valve  in  moment  the  coverage  of  window. 


Pnp  = Ap/o  ±R+  Pjan 

where  th°  pcp  are  the  mean  pressure,  which  acts  on  this  band  after 
the  breakaway  of  valve  from  saddle  (h  > 0)  ; fM  = w (D2  - d2)  /4  - 
the  projected  area  of  the  surface  of  the  band  of  seat/socket  * o the 
plane,  perpendicular  to  the  axle/axis  of  gate. 

For  determining  the  supplementary  force  of  the  pressure  of 
liquid,  which  acta  in  t he  slot  in  question,  they  use  the  average 
value  of  +he  pressure  which  according  to  experimental  data 

p„  = 0,45  (px  — pt). 


Hence  the  pressure  at  which  the  valve  will  be  closed  (h^O), 

n ^np 

^ ~ U + 0,45/*,  • 
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With  the  insufficient  air  tight  ness  of  conical  gate, 
supple men tar y force  from  the  pressure  of  liquid  in  the  slot  of  the 
seat/socxet  of  valve  will  enter  also  into  t na  balance  of  the  forces, 
which  acrt  9t  the  torque/moment  of  its  breakaway  from  saddle  during 
valve  opening,  in  view  of  which  a similar  valve  will  be  iiscovered  at 
pressure  lower  than  the  pressure,  obtained  from  expression  (19). 

Discontinuity  ir.  pressures  it  began  d isco  very  /open  i r.g  s also  of 
the  end  of  the  closing  of  this  valve  it  is  possible  to  lower  with  a 
decrease  in  the  width  of  the  bearing  surface  of  sea t/sonk 3 t . 
Specifically,  tha  contact  of  t gate  of  valve  with  saddle  on  the 
edges,  close  to  acute/sharp,  is  provided  b y the  frequently  fact  that 


the  apex  angles  of  ju*  ? and  n*~  «♦ /socket  are  fulfilled  different  (Fig. 
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66a)  . The  a:°a  on  which  acts  the  pressure  ol  iijuid  in  the 
beginning  of  discovery/opening  and  at.  the  end  cf  the  closing  of 
valve,  i s determine  1 tor  this  valve  by  the  area  ol  the  apex  of 
cone 


he 


r 




P AG  R 

Arc-  common  a l so  mushroom  valves  and  spnericai  ja1- « (Fig.  6 1; ) . 

These  valves  possess  the  relatively  small  flow  resiatans?  of  liguid 
(1.5-2  times  it  is  lower  than  in  valves  with  conical  gate)  . Angle  ,5 
the  saddle  of  the  last/latter  valv->  is  usually  equal  to  ID0  and 
diameter  D of  sphere  D = 2d.  The  area  on  which  acts  the  pressure  of 
liquid  in  the  beginning  of  discove ry/opening  and  at  the  and  of  the 

closing  of  ‘his  v a i vt , is  ‘he  sectional  area  of  sphere  on  tap  points 
of  its  contact  with  seat/socket  by  the  plane,  perpendicular  to  valve 
spindle.  This  ini 


/ = = D2  sin’p,. 
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Overflow  valves. 


The  examined  valves  can  te  applied  both  as  protective  wi*  h 
occasional  action  and  as  overflow,  that  support  the  constant  pr^ssui  > 
of  liquid  on  system  by  means  of  th--  continuous  di versi on /t a p (gutter) 
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of  pH  rt  or  the  liquii  ir  rank.  In  practice*  this  hydraulic  apparatus 
is  called  frequently  t he  valve  of  a jump/drop  in  the  pr>5sur»  or  by 
the  valve  01  pressure,  intended  for  maintaining  ‘.he  deter m ir  e! 
pressure  differential  i r.  that  which  supply  and  that  which  discharge 
hydraulic  lines.  The  h ydraulic  parameters  or  this  valve  are  a 
pressure  difference  in.  of  pressure  pH  ana  the  drainage  P«  lines 
and  the  ’xp-'nditur  : (bypass)  of  QCA  into  the  line  />f  jutter  (Fig. 

67)  : 

Q*  = Qh  - Qa. 


wher-*  ‘hr  qh  - the  feel  of  runp;  Qd  = Q„ — QCA  - the  expenditure  of 
user  (hydraulic  engine). 


on  tne  strength  of  the  specificity  of  the  work  of  overflow 
valves,  they  usually  are  fulfilled  wit)  plunger  gate.  Value  h0  rh? 
overlap  by  the  gate  (plunger)  or  the  window  through  which  * he  oil 
after  vh]v»  opening  overflows  irto  ’’ink,  must  he  somewhat  more  *har 
the  spread/scope  of  * he  possible  longitudinal  vibrations  of  plunger 
during  its  vibrations  in  order  t ha  * it  would  not  be  hit  in  this  cast 
against  its  support,  i-’or  the  attenuation  of  vibrational  ariQrgy  ir: 


valve  provided  tor  caok<-  o|  -^r.  i rg/aper*  ure  a. 


valve  of  i pH  and  at  the  output/y iol  1 of  P«.  and  also  by  fluid 
flow  rat«  + b rough  the  valve  (by  expenditure  for  gutter)  of  QCA  we 
will  ottain  by  the  joint  solution  of  the  followinj  equations  (by  flow 
forces  and  friction  we  disregard)  : 

fluid  flow  rate 

the  equilibrium  of  the  gate  of  valve 

Pq-\-C  (h0  -(-  h)  = (p„  P..:)  — , 


r 
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where  <!  and  i.  «t  J isregard  dia motel  and  the  course  of  gate  (valve 
opening)  ; P0  - the  force  of  the  pt ecom ) re ssion  of  s or  i n j (with  h ♦ h0 
= 0;  c is  a stiffness  coefficient,  of  spring ; h0  is  a size/di  mansion 
of  the  overlap  by  + lv-  plunger  of  the  window  of  gutter  in  the  enclose! 
position  of  vrlr1,  i.  u.  , the  size/dimension  to  which  must  move  the 
gate  from  its  support  to  the  position  of  the  beginning  of  bleeding. 


After  solving  these  equations  relative  to  h,  wo  will  obtain 


Q = \md  (pH  - pCA)  — (ho  + A)]  Y — ^ 


— Pc.,  I 


The  pressure  differential  in  the  beginning  of  disrovery/opening 
the  flow  area  (at  the  moment  of  separation  of  gate  from  saddle)  of 

valve 

Ap  = (A,  - Pc,)  = — - ° td‘'  ^ P']  • 
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pnclos^  1 position  of  valve,  it  can  bo  accepted  ^jual  to  zoro  and  with 
respect  p0  = to  g. 


In  this  case  the  rjuilibtinm  condition  of  valve 


= ~~  Oh—  Pca). 


C(h0  -f-  h)  = -i— 


I*  is  obvious,  and  in  the  case  of  overflow  valve  for  obtaining 
it  is  possible  the  more  flat  curve  of  pH  = f (Qca)i  i.e.,  for  a 
decrease  ir  * he  iegr«n  of  the  effect  of  th“  flow  rate  of  *■  he  Qc,  of 
liquid  for  the  pressures  of  pH,  one  should  decrease  the  stiffness 
coefficient  of  spring  C and  increase  diameter  d of  the  passaj0 
opening'  o*'  valve. 

Action  of  flow  forces.  After  the  breakaway  of  gat->  from  saddle 
ir  the  place  of  the  throttling/choking  of  liquid 


(h  > 0)  will  appeal 
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flow  forces  of  tn  5 P,.„  i.„  which  attempts  *o  close  val  va,  i.o. , 

acting  i 1.  t|  ? can''  hi  »cl  mn,  as  the  force  of  spring.  This  force  can 


be  co ns ii or 


.r-  ] 


su  i;<i  aiy  hydraulic  soring  w i*  h 


al  t erria t in  g/vur  iub  I h irdr*  . 


Flow  forces  is  the  reaction  of  fluid  flow  to  the  gata  of  valve 
and  can  roach  the  valu  • , cupall-  significantly  *0  change  trie  balance 
of  the  acting  on  it  forces.  In  certain  cases  th°  force  of  spring 
comprises  in  'nis  balance  less  * i, a n 10 0/0  o£  overall  force,  which 
acts  or.  gate. 


The  axial  component  of  flow  forces  of  fluid  flow  according  to 
the  law  of  1 change  in  + he  inoic  r. turn  (see  Fig.  bib) 


Pluip  = Qp  (n,  — U,  cos  a/2). 


where  0 and 

p - volumetric 

flow  rate  and 

the  density 

of  li 

4*ii 

i : *»i 

and  u - t ( 

> average  sp  ee  d 

oe  t he  1 i ri  i J 

before  the 

gate  ( 

in 

feeder) 

and  in  the  j 

jassa  g ? si 0-  (in 

jet)  01  valve 

; a/ 2 - the 

air  f 1 

O’W 

angle  in 
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the  slot  of  va 1 V' . 

Inv»3t j jut. ions  show  that  the  flow  direction  for  the  u 
in  valves  angles  of  tapf r of  gate  with  apex/vertex  (<140°) 
coincides  with  tne  generatrix  of  the  cone  ot  the  gate.  In 
with  this,  the  an  jl"  a/2  can  he  accented  equal  to  seuiivert 
the  cone  jf  the  jate. 


Page  97. 


Since  soeed  ut  <<  u2,  it  in  the  majority  of  cases  of 
calculation  car.  on  disregarded.  As  a result  we  will  obtain 
simplified  expression 


Ptui)p  — — Qp«2  cos  a/2. 


Si  nee 


et nip 


increases  with  ar.  increase  in  * he  flow 


consequent  1/ » it  increases  wit.  I the  lift  of  the  gate  of  va 


idespread 
virtually 
accordance 
ex  angle  of 


the 

t he 


rate,  and 
lve,  in 
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practice  f requont  1 y i c i r t rouuced  by  analogy  with  the  concept  of 
sprir  } constant  C t.ho  concept  of  the  hydrodynamic  hardness: 


Ctudp  — 


Ah  ’ 


where  Ah  is  the  increase  in  the  valve  lift,  caused  by  an  increase  in 
the  fluid  flow  rate. 


Expoi  inerts  show  that,  the  C,„dr  just  as  spring  constant  C , 
changes  ov«r  a win-  range  of  flow  rates  proportional  to 
disco very /opening  gate  and  ir  practice  does  not  lop«ni  on  the 
pressure  differential  on  the  gate  of  valve. 

Summarizing  hydrodynamic  hardness 
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wi^h  spring  con:>tuu 


f*  — 

L~  Ah  ’ 


wo  will  obtain  th ? resulting  total  hardness  of  vaLvo 

Cp,,  ~ Ctudp  + C = + AP.ns. . 

An 
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Exper i m jnt  is  show  that  the  hydrodynamic  hardness  in  many 
instances  *-xce<'ii;  (2  - i ipc-s  and  irore)  spring  constant,  in  view  of  thi. 
an  increase  in  th a force  on  valve  /ip,  'he  caused  hy  the  total 
hardness  Cp,,,  cons  idera  nly  exceeds  the  increase  in  the  A Png, 

caused  by  the  hardness  of  sprirq  itself: 


A P > A Pn 


Ip.  accordance  with  this  a change  in  the  force  or  pressure  of 
liquid  or.  the  gate  of  va]  v“ 


A P — &Peudp  + A Pnp. 


Taxing  into  account  flow  forces  of  equation  in  question,  wi 


express  'he  equilibrium  of  the  qat  e of  valve  with  the  sharp  <?d  q< 
saddle,  they  iccept  with  the  maximum  flew  rate  form 


Rm&x  — APmax  f}i/>  — C (fio  4“  fl)  -f-  Qptl  > COS  — g-  ± R\ 
&Pmix  — 1™^  — Vl°  4"  A)  + QP«2  COS  -g-  ± /?J  . 


Ef f ec*  of  force  of  inertia.  To  the  characteristic  or  va lv«  in 
transient  condition,  affects  also  its  dynamics,  caused  by  the 
acceleration  of  moving  elements.  The  inertia  forces  in  vil  va  ar» 


determined  by 

acc  e 

1 era 

tion  and  the 

mass  of 

gate  v/ith  the  apparent 

additions]  mas 

s of 

the 

spring  vhon" 

va  ] ue  i 

isually  rs  accepted  equal 

to  1/3  mass 

of  s 

prir 

j.  rn  cert  air. 

cases  i 

(in  largo-size  valves,  at 

a 1 so  at  small 

Sect 

i on 

and  the  large 

length 

of  drain  channels)  is 

considered  also  th  a.  ass  of  the  lion  id  above  the  vslvn  and  in 
channels.  For  the  -approximate  computations  the  apparert  additional 
mass  of  spring  and  li?uid  in  this  case  usually  accept  equal  to  o.  *i 
masse  a;  of  spring. 


- A 
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The  dccelet'ition  > C j a t e is  accepted  of  the  condition  of  its 
uniformly  accelerated  motion 


J = 


2/i 

A/J 


where  h and  At  - the  h a ight/alt i tudo  ail  the  duration  of  ascent 


(d isc ove r //opening  ) of  ‘he  gate  of  valve. 


Experiment  shows  that  the  pressure  overshoot  during  valve 
opening  car  roach  SOo/o  of  nominal  pressure. 


Methods  of  stabilization  of  pressure.  For  pressure 
stabilization,  it  is  necessary  that  after  d isco very/opa n in g gate 
would  arise  the  additional  force,  which  would  load  it  in  the 
direction  of  the  effect  of  pressure  of  Liquid  (it  would  compress 
spring).  For  this  purpose  frequently  is  utilized  tn»  action  on  the 
gate  of  fluid  flow  during  a change  in  ‘he  direction  of  the  entering 
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Figure  68a  shows  the  diagram  ox  t he  plunder  valve  in  which  for 
this  purpose  is  axecu^od  the  ir.  t er  modi  at  e annular  chamber  b, 
arrange/located  after  passage  slid-1-  va  1 /a  slot.  In  this  chamber  in 
the  work,  of  valve,  is  formed  intermediate  pressure  0 <P 
which  creates  supplementary  force  on  plumer  gate  2,  which 
counteracts  to  the  force  of  spring  1.  by  means  of  the  appropriate 
selection  of  the  a c=a  of  this  chamber  it.  is  possible  to  attain  the 
required  correction  of  the  characteristic  ot  valve. 


For  an  iinprovem--*:  t in  the  characteristic  in  question  are  applied 
also  the  valves  with  r tverse/inverse  core  (Fig.  68b),  in  which 
because  of  the  consid  -rahle  deflection  of  fluid  flow  i t is  possible 
to  obtain  the  flow  forces,  cauaf  le  to  partially  compensate  for  the 
growing  with  va  1 V1*  lift  force  ot  spring.  Besides  this  the 
compensation  ef  fee*  is  here  caused  also  by  the  fact  that  with  the 
lift  of  gate  increases  its  effective  area,  since  during  lif*  1 , > d. 


The  compensation  effect  car:  he  raised  during  the  a ppl  i ca  t i or. /use 
ot  the  dual  coriicity  of  landing  seat/socket  (Fig.  68c)  because  of 
which  in  the  interm  >diit.e  chamber  a with  the  open  gat «*  is  created 


c'x po r i ;n-*n t snows  that  in  the  valve  of  this  diagram  it  is 
represent';.!  possible  to  oltair  virtually  stable  c!ia  ra c t er i st ic . 

Oscillations  (vibration)  of  valves,  fin  the  7 ite  of  valve,  which 
is  located  in  fluid  flow,  constantly  acts  t.v?  fluctuating  pressure  of 
puinp,  which  is  tue  periodic  function  or  tine  w i * h the  periods,  equal 
to  the  revolution  of  the  rotOL  of  pump,  since  tf  » »alr>  is  the 
dynamic  system,  connected  with  < las*  ic  medium  - liquid,  in  *his 
system  under  specific  conditions,  can  arise  the  auto-oscil lations, 

which  are  capable  to  upset  the  operation  of  the  entire  connected  with 
hydraulic:  valve  (to  cause  the  pulsations  of  pressure,  ate.),  and  also 

to  cause  a breakage  in  nhe  valve  spring. 
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conical  edges  of  sa-idl  i (sec  f i - file),  it  can  enter  into  transient 
conditions  into  oscillations  (vibrations),  which  under  conditions  of 
resonance  will  cause  considerable  fluctuations  of  pressure  in  an 
entire  hydraulic  system.  Thus,  for  instance,  with  an  instantaneous 

increase  in  «-no  flow  rate  the  gate  of  valve  on  the  strength  of  the 
action  of  force  of  inertia  will  arrive  to  motion  (it  will  be 
discovered)  with  certain  delay,  as  a result  upstream  pressure  sharply 
it  grow/rises,  which  will  derive  gate  beyond  the  limits  of  the 
required  position  of  equilibrium,  which  corresponds  to  new  flow  rate. 
This  excessively  1 ar je  aiscov1  t y/opening  (displacoaterit/movement)  gate 
cause  a sharp  decompression  before  it,  which,  in  t urn,  will  lead  to 
the  excessively  large  displacement /move merit,  of  gate  to  the  siie  of 
coverage. 


Furthermore,  in  valve  with  conical  saddle  the  fluctuations  of 
flow  ra^e  and  the  ir  accompanying  speed  fluctuations  of  fluid  flow  in 
the  slot  between  the  gate  and  the  saddle  produce  fluctuations  of  the 
pressures  in  it,  which,  as  a result  of  the  disequilibrium  of  tno 
forces,  which  act  on  gate,  are  the  supplementary  factor,  which 
excites  fluctuations.  It  is  obvious,  the  higher  the  pressure 
differential  in  val  vo  and  tpr  grea'er  the  width  of  the  Mge  of 
saddle,  i.«. , the  greater  the  difference  D - d,  wh^ro  D and  d are  the 
diameter  of  basis/bas*-  and  ap-  x/vert  ox  of  conical  saddle  (see  Fin. 
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63c),  th‘  large  will  be  th-_-  ~xamit.  d/considered  exciting  of  feet. 

As  a result  at  indicated,  the  gate  of  v-i  1 ve  can  enter  the 
auto-oscillations,  which  proceed  usually  with  hiqh  amplitude  and 
frequency. 


The  scare-1,  which  excites  * h--  fluctuations  of  valves,  can  be 

also  the  other  external  and  internal  d ist  u mi  nc:e/pQ  rt  ur  Da  t.  i ons , by 
basic  from  which  it  is  the  flow  fluctuation  of  Liquid,  applied  pump 

m- 

For  a reduction  m the  probability  of  the  entry  of  valve  into 
resonate-  oscillati  ins,  one  should  avoid  * he  mode/con li  t ions  in  which 
the  frequency  of  the  perturbation  mo, me  n t u tr/im  pu  1 se/rul  s ? 3 coincides 
with  the  natural  violation  frequency  or  the  j at e of  valve,  dot  or  mine  1 

by  the  mass  of  of  ja*o  itself  a r.d  sprinj  with  the  conn-'cted  volume  of 
liquid,  or  is  multiple  ny  it.  It  i.;  necessary  also  to  avoid  trie 

agreement  tit  the  natural  vibration  frequency  of  valve  with  the  tinple 

frequency  of  fluid  flow  In  system. 
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The  resonance  t ;i  •noic«na  can  be  removed  b y the  creation  of 
resistance  i i>  moviuj  the  |a  + e o£  the  valve  whose  force  would  be  as 
much  -is  possible  proportional  to  the  sp^eil  of  its 

disp  laceuiant/mo  vem  en  t.  These  requirements  moat  com  plot  el  y satisfies 
hydraulic  hairpin  j (see  Figs.  f-3a  and  67),  with  the  ail  of  which  it  is 

possible  to  onsur?  stability  during  all  virtually  possible 
excitations.  It  is  obvious  that  the  lamping  affect,  of  valves  depends 
on  the  size/d  line  ns  ion  of  the  tnrotrling  channel  which  lsually  is 
selected  »> xp or i merit al  1 y 1 . 


FOOTNOTE  1 . The  analysis  of  the  transient  stability  of  valve  is  the 

cheme  of  course  the  "*heory  of  an tom  a* ic  control  and  the  dynamics  of 
hy  dr  o pneuin  at  ic  systems.  " F.NDFOOTNOTE. 


Lamellar  ( flat  /pin  no)  type  valves. 

In  some  const. r urt  ions  of  hydraulic  drive,  are  anplied  t he  valves 
with  flat/plane  seating  bosses  (Fig.  f>(»a)  , which  differ  in  terms  of 
high  air  tightness  and  reliability. 
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To  tii--  qa*  e u t valve  from  the*  side*  of  liquid,  ac  t3  during 
discovery/opening  the  force 

P = bpf  + Qp  (U,  — Mj  cos  P), 


where  A:  = p,  - p2  - the  pressure  nfferentnl  to  (p,)  and  afterward 


(Pa) 

ga  t 

p • £ 

= n 

1 2 / 4 - 

the  ar<  a of 

the  sea*- /socket 

(feeder)  of 

va  1 ve 

Qp 

('J  i i 

3 u ? 

COS 

3)  - 

* h o flow  f or  < 

res  (reaction  of 

flow  to  qato 

')  . 

caused  b 

y a c 

bar 

j a in 

the  it oir.t- r. * urn 

; here  0 ir  volumetric  fluil 

f 1 ow 

rate  thr 

oii'jh 

the 

V 1 1 V 

• ; p - “Tif  dei 

it  y of  1 iqu  id  ; 

u,  and  u?  - 

t lie 

averu  ye 

spec  1 

of 

r h e ] 

iquid  1.  efor< 

the  ga*  e ( ir.  - h« 

op^nin  g/aper * ure 

of  seat /.roc Ret)  and  in  the  slot  of  valve;  .•>  is  an  angl?  of  deflection 
of  the  jo*,  which  osca pe/an sues  of  * ho  slot  of  valve. 
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The  airflow  ingle  & is  the  value  of  variable  ani  depends  on  lift 
h of  ♦!  • -jat  ' of  v alve,  necreasing  wit  h an  increase  in  th2  lit  fpr, 
and  .also  front  s izo/dimor.sions  of  D , 1 ani  j (Fig.  69a)  , in  vi-*w  of 

which  the  precision  i o *-  or  .u  in  at  i or  of  tt.e  1 a ponder,  ce  of  this  angle  on 
lift  to  l~ter mine  is  xtreinely  complicated;  therefor*  t as  y are 
restrict?)  to  approximate  esfint^tec  and  t it e experimental  Jafa.  ’Jr. der 
condition  D = d of  this  angle  can  he  taken  is  .luring  the  approximate 
computations  p = 6 )°.  Dunne  considerable  overlaps  (D  > 1)  ani  small 
lifts  of  gate  it  is  possible  to  accept  fi  = 90°. 


The  fore*-  of  spring,  which  acts  or.  gate  at  ter  val  opening  (h  > 

0)  , 

Pnp  = P0  + Ch  = (h0  -f  h)  C, 

where  P0  is  Ch0  the  fore**  of  initial  compression  of  spring  (with  h = 
0)  ; here  hQ  - ir.^'inl  compression  of  sirin j (with  h = 7)  ; h is  the 
variaule  value  of  the  lift  of  gate,  which  ensures  flow  rate  of  9. 


Ir.  accor • 1 -i n — with  this  t h'-»  condition  ut  the  equilibrium  of  the 

gate  of  the  valv?: 
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before  d iscovery/opf- ninq  <ja  t< 


Pt  — Cht  = ApJ; 


aft- or  discovaty/op^ninq  q at 


P np  = (ht  + h)  C = A pf  + Qp  («!  — u » cos  P), 


(41) 


where  ipQ  and  A p u-  the  pressure  differential  with  h = 3 and  with  h 
> 0. 


From  equation  (41)  it  follows 

Pnn  QP  (“t  U2  COS  P)  - 

Ap=-f r*  • 


Differential  valves. 

For  «-  he  size  decrease  of  springs  and  forces  of  *h?ir  tightenirqs 
which  at  larje  flow  rates  and  the  pressures  of  liquid  tak^  in  ♦he 
case  action  of  direct,  valves  ina dw issif le  values,  ar°  apnlied 
differential  vilvos  with  the  hydraulic  balancing  of  part  of  the 
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for  co,  :iov  eloped  with  the 
majority  of  constructions 
piston  1,  connects}  with  t 
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Virtu  *1 1 y a s the  basis  of  the  constructions  of  the  majority  of 
differential  type  v il  v*»c  (w  ig.  f)9b)  is  place. 1 the  unbalanced  plunder, 
shou  Morel  a and  b of  differ'  nt  di  a net  ors.  It  is  obvious,  in  this 
valve  spi • ir  j it  receives  only  the  force  cf  the  pressure  of  Liquid, 
which  acts  on  t h o effoctiv*  area,  ‘-.jual  to  a difference  in  the  areas 
of  the  eml/faces  of  the  plunger: 


A/  = /i-fc  = n/4(di-d]). 


The  force  of  the  grecom pression  of  spring  1 for  this  valve  find 
from  equation 


P.«P(/i-W  = PT^-<®' 


where  d,  and  D2 , t h * diameters  of  bands  b and  a of  inner  valve,. 


The  « xcessivo  d croasf  ir:  -he  effective  area  of  -he  gate  of 


J 


valve,  i.  ■>.  , a deer  *ase  ii. 

t he  rj  i f f e 

fence 

i n 

tt  e ireas 

(fi 

- it 

) ot 

bands  a and  b,  will  1 >ad 

to 

fht  fact 

t h it 

t ho 

tract  i ori 

of 

f r ic  t 

i o r.  a 1 

forces  in  the  balance  of 

t h 

o forces. 

w h ich 

ac 

t on  plun  j 

wil  1 

be  so 

great,  that  rf.  vilv"  will 

n 

ot  K all 

e sati 

c>  f a 

ctorily  to 

f u 

If  il  1 

its 

function  du1  to  larjri  hys 

t r» 

res  is  of 

f t i c t i 

o n 

( see  Fig. 

5 5) 

Two-s t age?  safety  valv -s. 

During  the  app lie  it Lon/use  action  of  direct  valves  an 
high-  pressure,  systc  ms  the  diameters  of  their  gates  are  virtually 
limit  e.j  by  sizj/3  i tension  25  p:p,  since  at  * he  ir  higher  values 
inadm iss i bly  increase  the  forces  of  springs. 

For  a Ic'crt  1^  in  th-1  force  of  soring  at  given  flow  ra‘a  and 
pressure,  \n .1  also  for  an  increase  in  the  stability  of  pressure  are 
applied  the  two-sta je  valves  (valves  with  servo  effect) , shown  in 
Fig.  70a.  I.iguid  under  operating  pressure  o , will  ho  fed  irto  chamber 
a,  connect,  od  throw  |h  the  choke  opening/aperture  h with  cavity  c and 
cavities  c acts  on  piston  1,  holding  (together  with  spring  4)  jate  5 
in  enclosed  position.  Valve  is  enclosed  until  pressure  p5  in  cavity  c 


overcomes  *h«»  force  of  snnnj  and  will  not  discover  pilot  valve  d 
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3y  a change  in  t h e ef  f ort/f  oi  co  o£  t h**  pr*  compression  of  t he 
spriu  j of  2 gates  of  pilot  valve  3 it  is  possil  le  to  regulate  tie 
basic  (locking)  valve. 


for 

the  hall 

n cin  j of  gate 

r>  f i om 

the  forces  of  Ira 

in a gc  pressure 

in  it  is 

drilled 

a hoi  o j,  cor  r 

■ ec  tin  g 

the  power  cavity 

h of  the  valve 

with  the 

c v 1 i nd  ri 

cal  c h a m b e r d 

whose 

diameter  is  equal 

*■  O t[o 

diameter  of  the  sad  lie  of  f valvn. 


i 

In  the  construction  of  valv^,  usually  is  provided  for  the 
possibility  of  r 'not-  control  of  the  discharging  of  pump  (by  its 
trans  lation/con  vct  si  or.  into  the  mogo/coridi*'  ions  of  idling)  . For  this, 
in  valve  is  carried  out  opening/a porture  f,  during 

connect  i oi./s  oinpoun  i of  which  with  drain  line  the  pressure  in  cavity  c 
is  lower'"]  un  to  a pressure  or  this  main  line  (p,  p2)  , as  a result 

gate  3,  j f tor  moving  -o  the  right,  will  conu-ct  pressure  and  drain 
lines. 


Figure 

••  7 0b  Jo  pic 

fs  the  sc  he 

ina  t ic  of  a 

similar  valve  with 

auxiliary  ! 

-a  1 1 va  1 v o 

within  the 

basic  valve 

. T h is  valve  is  s i m p 1 

pr  oduc"  ioii  ; 

; however. 

it  differs 

in  tor  its  of 

the  unba Laaood  force 

J 
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drainage  pressure  whose  value  i determined  by  relation 


*1  , 

dl-4’ 

where  ds  and  02  ar1--  i diameter  of  the  breech  screw  an  1 seat/socket  of 

valve. 

T i f examined  v i]  v o frequently  is  carried  out  through  the 
schematic,  presented  in  Fig.  71.  At  pressure  in  system  * ha  r lower 
assigned  (Fig.  71a)  the  gate  of  ball  bearing  valve-  a’najt  3 is 
enclosed.  In  tnis  case,  pressure  in  cavities  b and  c which 
comirun  ica  to  through  the  choice  open  in  j/a  pe  rt  ure  a in  uiston  1,  are 

equal.  Spring  4 nolds  piston  1 in  th«  position  by  which  inlet  due;1-  b 
is  enclosed. 

During  a pressure  increase  higher  tha  n rated  val  u=»  for  which  is 
designed  spring  i,  th®  ball  bearing  jar  ■?  of  3 valve-  sensors  is 
open  /disc  losed  * ml  pressure  in  cavity  c tails,  as  a r o 3 j 1 1 of  which 
in  cavities  b arid  c it  is  created  a jum  p/drop  in  the  nr^ssure. 


under 
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action  of  which  t h-»  piston  oi  1 ov-*i  flow  vaJ  ve  is  move],  connecting 
the  channel  of  tore  in  j with  ta  i.s  (Pi  j . 7 It,)  . 


For  the  siroot  :<  ini  (cutting)  of  the  pressure  overshoots  (tor 
example  the  pressure;?,  which  develop  with  hydraulic  impact),  one 
should  apply  action  of  direct,  valves  (see  Fig.  62),  since  during 
application/use  for  these  purposes  of  valves  wit),  servo  effect  (see 
Fig.  70-71)  can  arise  is  a result  of  unavoidable  delav  m fhe  final 
adjustment  of  signal  (in  discovery/opening  the  basic  gave  of  valve) 
the  large  pressure  overshoots.  As  can  be  seen  from  the  schematic, 
given  in  Fi j.  71,  th«  displacer- n*  of  t he  basic  gate  (overflow  va 1 ve) 
can  occur  only  after  will  be  opened  pilot  valve  and  liguid,  filling 
chamber  c,  will  be  ext  c ude/excluded  into  the  tank,  througn  the 
opening/aperture  valve  sensor  9.  however , these  valves  differ  higher 
than  their  single-stage  types,  by  the  stability  of  pressure  which  is 
reached  here  because  of  the  fact  that  lead  on  gate  5 (see  Fig.  70) 
valve  it  is  rea  1 ize/accotnplished  by  the  pressure  of  Liquid,  maximum 
value  of  which  is  determined  by  the  characteristic  of  spring  2 of 

si  zo/d  im*1  ns  ion. 


pilot  valve  3 of  small 


A 


\ 
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Becausf'  o:  h ; snail  f l u i ! flow  ra  t *?  throu/h  the  choke 

opening /ape  r*  ure  h i’  piston,  the  pressure  of  liguii  on  pi  stor  1 
during  a cl. any  in  “1.  f 1 jv  ra*o  practically  will  not  change,  and 
cons?  ju&ntly , stall  will  bn  pressure  pt  during  all  Clow  regimen  of 
♦ho  liquid  through  tl.  ■ working  window  (slo*)  of  overflow  valve. 


Reduction  valves  of  constant  pressure. 


Reduction  valve  or  reducer  (Iig.  72a)  is  the  automatically 
actiny  thr  ot  t.  lo/ch  ose  wnost  resistance  is  equal  a*  each  this 

torquo/raomen  t of  the  ii  f ferencr  betweer  the  variable  pressure  of  P, 
at  the  entrance  into  vaLve  and  the  constant  (reduced)  pressure  of 

Pped  <L  Pn  at  outpu  t/y  icld.  Valve  is  intended  for  lowering 
(reduction)  in  the  pressure  ir  any  disenarge  section  of  main  lino 
(hydraulic  lines)  and  of  maintaining  this  pressure  by  constant 
independent  of  the  pressure  ir.  supply  main,  which  are  must  only 
several  (to  2-3  Kgf/o.m*)  to  exceed  the  reduced  pressure. 


Those  valves  are  applied  in  essence  i n such  a case,  when  from 
one  source  of  flow  rate  (pump)  are  supplied  several  users 


(servomo*  rrs) 


tu  1 


r quire  different  pressures 


he  source  of  flow 
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rate  (gump)  in  tnis  case  they  t ely  on  r he  maximum  pressure,  n«cessary 
for  the  supply  or  any  of  the  users. 

In  t ho  simpiist  rortr.  reduction  valve  (Fij.  72a)  in  is  plunger  2 
with  the  throttling  conical  knob/cip  c it  the  right  end  ind  with  the 
balancing  small  piston  i on  It  ft.  Liquid  under  the  high  pressure  of 
Ph  will  be  fed  to  channel  b and  is  at str act/remove l under  the 
reduced  pressure  of  the  Ppfa  through  charnel  e.  Decompression 

from  input.  pH  to  exit  Pped  and  maintaining  the  latter  at  fixed 

level  is  cause!  by  dynamic  equilibrium  of  forces,  which  ac*  on 
mobi le/mot ilo  plunger  2,  from  which  the  ef  f art /force  of  spring  1 acts 
to  th-e  side  of  an  increase  in  d iscover  y/openinq  passage  slot  by 
height/altitude  y,  which  connects  channels  b and  o,  but  the  pressure 
of  Ppro  in  chamber  1 and  flow  forces  act  to  the  silj  of  a decrease- 
in  this  slo+. 

At  certain  low  (it  is  less  than  calculated)  pressure  of  t he 
p^i,  of  plunger  2 wit.l  force  of  spring  1 is  wrung  out  and  increases 
to  the  rijht  clearance  y,  through  whicl  lijuid  enters  from  channel 
high- pressure  b if  Pn  in*o  channel  < of  •‘he  reduced  pressure  of 

PprO- 
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After  t h<  | rfssur?  of  Pped  i i.  tl  o last/latter  line  will  exceed  the 

design  pressure  to  wnich  are  au  iurtod  spring  1,  plunger  2 und^r 

effect  of  pr-ssur  • the  /W  of  1 jq  uid  will  move  to  tha  left, 
partially  or  coirpl  .”•>']  y overlapping  the  admission  of  liguid  iron 
channel  1 in*  o rhanrt  -1  < >t  thf  rt  iuc*  1 pressure. 

Whet  the  liametei  of  the  section  of  trie  conical  k nob/ cap  c of 
gate  by  trie  piano,  which  passes  on  contact  points  of  its  with  the 

edges  of  ;adil-  (it  corresponds  to  saa fly  with  sharp  edges),  is  equal 
to  the  diarreter  of  oma  11  piston  a,  of  the  force  of  pressure  of 

on  plunger  2 in  * o e ginning  of  u incovery  /open  ir,q  slot  (clearance  y 

= 0)  they  a:a  nalar  c > 1 ( P^o  does  no*-  d <•  pend  on  pH  ) , and  * he 

equation  of  state  of  valve  taker  * he  form  (forces  of  the  inertia  of 
friction  w<  disregard) 

Pp.af  = Pa~  iJoC;  Pptd  = y-£t 


where  f = rri?/4  - the  lrea  of  t.  he  indicated  section  >f  tu  r onn  of 
the  gate;  p0  = Cya  - * he  ei  for  ‘-/fore-*  ot  t n<J  precon  pr  es  s io  n of  spring 
1 (wiH.  y = 0)  ; y 0 it:  J C are  the  precoin  pr '■>03  Loti  of  soring  tnd  its 

ha  rd  ness. 


With  fh-  opart  slot  (y  > 0)  to  gate  will  addi‘ ionally  act  to  the 
side  of  t.ie  '■overage  > t gate  th«  flow  forces  of  *h<>  Pe,  talcing  into 
account  which  the  equation  of  He  equilibrium  of  plunger  2 will  tikt 
form 


Ppedf  — C (t/o  -f-  y)  — P 


El 
f ’ 


whore  the 


p'ped  is  the  reduced  pressure  with  y > ') 
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Dm  inn  :;nnli  i is*  lacom^-nt /movemen t s values  y Pt  can  be  as  a 
result  of  th^ir  relative  smallness  disregarded,  as  a result  for  the 
calculatior  of  tu  re  .need  pressure  it  is  possible  to  use  the 
preceding/previous  enu.t^ion  which  shows  t..at  with  the  adopted 
assumptions  the  computed  value  (at  Pi*>  does  i.ot  depend  on  the  inlet 
pressure  ot  p*.  However,  as  n result  of  the  instability  of  effect 
on  flow  forces  of  the  Ps  ' of  the  pressure  differential  of 
\p  = pH  — p„d,  is  observed  also  certain  di  st  ur  ba  nce/b  r ^a  K d own  of  the 
stability  of  Pp,o,  i.e.,  Pp*d  = / (p„). 

For  the  comp  a n sa  * i on  for  effect  or.  f h°  Pr*d  of  the  possible 
changes  of  the  pressut°  of  pc » i r.  M.(  drain  line  of  hydraulic 
system,  the  latter  is  connected  with  chamber  f,  ir.  vi-»w  of  which  the 
force  of  drainage  pressure  or  snail  piston  a of  plunger  2 is 
summarize!  with  torcs  of  spring  1. 

A del  iciency /I  ack  in  M.is  valve  ir  low  sonsitivi*-y  to  changes  in 
the  Prro<  causs  i by  friction  of  piston  an.  a by  small  area  of  * he 


I 


cell/elemo nt  on  which  acts  the  reduced  pressure.  For  tie  elimination 
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of  friction  and  increase  ir  ti.e  sorsiti vit  y in  low  ( 1-  S ngf  /cm?) 
reduced  pressures,  ar>-  applied  the  valves,  the  role  of  piston  in 
which  it  perforins  r unber- fabric  corrugated  diaphragm  2 (Fig.  1 2\i)  . 

Ligui  1 under  the  high  pressure  of  + he  pH,  applied  through 

channel  g into  chamber  c,  in  passing  by  the  throttling  slot  by 
he  ight/alt ; t ud3  y,  formed  by  conical  gat,?  3 and  by  the  sea’Vsochet  of 
valve,  enters  chain  her  e and  channel  b of  the  user  of  tn*  reduced 
pressure  of  p^.  Spring  1 as  in  the  schematic  examined  above, 
attempts  to  discover  the  gate  ot  3 valves,  but  the  forces  of  pressure 
of  the  Ppeo  of  li  guid  on  dia  uh  ragm/ir c mbr  a ne  2 and  the  forces  of 
pressure  of  pH  on  connected  with  it  gate  3 attempt  it  to  close  (to 
decrease  the  height/altitude  of  slot  y) . For  th°  damping  of 
oscillations,  is  applied  throt * le/cnok e 4. 
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The  expression,  which  reflects  the  worn  of  this  valve,  is  based 
on  the  following  initial  equations: 


fluid  flow  cate  through  the  slot  of  valv.- 


Q = pii  dy  sln-^-  —--H — Pp'° * . 


the  equilibrium  of  gate  under  the  acting  on  it  foroas  (w-* 
allow/assume  the  •:  von  distributor  of  pressure  accord  in  ] to  the  ana 
of  gate  and  disregard  the  frictional  forces  and  hydrodynamic  effect) 


Po-Cy- (pH  - p„d)  - Prtd  = 0, 


where  y and  <x  ■ di scover y/open in g (course  of  gate)  valve  and  the 
angle  of  taper  of  the  gate  with  its  anex/Vertex;  P0  is  compression  of 
spring  with  the  enclosed  gate  of  valve  (with  y = 0) ; D and  d are 
diameters  of  diaph  ra  jnt/meinbrare  ai.d  valve  sea*'. 
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Aft  e‘  J 
we  will  o' 


where 


Aft.  P 
for  d°tyr 


the  reducer: 


I 


From  -me 

] ast/la*  ter 

o xpressi  or. 

o 4- 

f O ilov 

s that  the  outlet 

pressure  of 

Prtd  SOH“Wh 

ir  depends 

on 

input 

pH,  increasing  with  a 

decrease  the 

1 itter. 

Bee  a ur.  ° 

of  considers 

Lie  excess 

'if 

die  mete 

r D of  tia 

d iaph  ra>j  in/merabran  ? a bo  ve  diameter  d of  the  af.it/socKot  of  valv<>,  a p 1 
also  reduced  friction,  the  examined  valve  iiffers  Ln  t?rms  of  hivjh 
sensitivity. 

,\  + f h?  hijher  reduced  pressures  the  d iaphi  a'-jm/menbran  e is 
replaced  by  the  piston  of  1 the  same  diameter  D (Fi:j.  7/c)  . The 


calculation  i.s  conducted  according  to  those  equations  with  the 


DOC 


770901 09 


? \ ; 


addition  to  express  Lot  (4  3)  oi  t >1(:  frictional  force  of  piston. 


In  certain  case.;  it  is  requite  i to  ensure  th » hi  fa  sensitivity 
and  maintaining  the  assigned  reduced  pressure  witn  low  flow  rates 
(close  to  zero)  . since  in  the  plunger  circuits  examine  1 idovh  with 

slit  fa  ska t an:l  conical  ga*-s  (Fiq.  72)  to  ensure  the  t sou  ired 
airt  i qht  ness  is  difficult,  art  applied  valves  with  lamellar  (plan") 

gate  1 it.  which  the  iynamic  seal  is  realized  with  the  aid  of  motalli 
bellows  2 (Fig.  7 3 a ) . 


The  equilibrium  condition  of  this  valve  not  allowing  for  flow 
forces  car.  oe  approximately  written 

(P*  — Pped)  f + Pped?  — Pnp 

where  f = *12/4  - the  cross-sectional  area  of  i r 1 c t duct 
(o  pen  irg/a  pert  ure)  with  a diameter  of  d;  F is  the  effective  area  of 
bellow  (:;->->  p.  61)  ; p - the  total  effort /force  of  spring  3 and 
of  bellow.,  2 during  zero  valve  lift  (y  = 0)  ; C,  is  the  total  spring 
constant  f and  of  metallic  bellows  2;  y is  valve  opening. 


Parte  10P. 
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During  a snuLl  vi  lv^  lift  r y value  C,  y it  is  possible  to 

disregard,  as  a result  wo  will  obtain  expression  tor  tie  calculation 
of  the  reduced  pressure 


_ Pnp  f 

rped  — f f Vh  f f 


reduction-protecti vo  valves. 

Figure  73b  and  c depicts  t he  schematic  of  the  valv*  it,  wt.  ich  ar  a 
combined  t h-  functi  ms  of  reduction  and  safety  valves.  The  position 
of  valvt?,  presented  in  Fij.  731,  corresponds  to  supply  to  th«  us-*r  of 
liquid  under  the  reduced  oressure.  In  t his  case,  t h o Liquid  from  the 
main  line  of  forcing  under  the  pressure  of  pH  enters  “trough  ‘he 


slot  between  the  valve  head  1 anl  the  raddle  in  housing  2 the  user. 


i 
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To  that  until  the  pressure  of  Pm  in  the  system  if  user 
achie  ve/reaches  rated  value,  piston  l was  pul  lei  by  spring  4 a - 
extreme  left  position.  In  this  position  the  conical  nseile  of  valve  1 
abut  a .jain  st  th  •*  »a  1 1 Lo  of  piston  serin  j r>  is  compressed ; 
therefore  valve  open/ 1 i sc  lose:-  ♦ h-  maximum  passage  of  liguid  to  user. 


Durinj  a pressure  increase  of  pH  at  the  entrance  into  reducer, 


is  r a i: 

>ed  also 

the  pre  j sure 

of  Pm 

in  the  ca 

vi t y of 

user,  as  a 

rasul* 

piston  3 

und  r the  ef 

feet  of 

pressure  ol 

1 iqu  id 

com  presses 

sprin  i 

4 it  i s 

moved  to  the 

right.  1 

n this  case 

, under 

spring  effect 

5,  is  rov  - 1 to  tne  rijnt  llso  vulv*'  1,  as  a result  the  clearance 


between  the  left  valve  head  and  flic  saddle  of  housinj  ]''traas-js.  Upon 
reach  ir-j  of  the  assigned  reduced  pressure  of  p-,o  in  systen,  valve 

1 will  be  closed  completely.  During  a decrease  in  th-3  reduced 
pressure  in  sys^ai,  piston  i again  will  move  to  the  lef*-  and  will 
discover  valve,  as  a result  the  pressure  in  system  will  increase. 

During  in  th'j  reduced  pressure  increase  over  rated  valu-3,  the 


force  of  pressure  of  liquid  on  piston  3 increases  so,  trtat  it 


n o v i r.  j 


to  the?  right  (?i  g.  71c)  , will  move  away  from  the  conical  needle  of 
valve  1,  as  a result  the  conical  cap  of  this  valve  will  sit  down  into 
its  seat/socket  of  housing  and  between  the  needle  of  valve  and  the 
saddle  of  piston  1 luring  its  further  displacement./ movement  will  be 
formed  the  clearance  through  which  the  liquid  from  chamoer  a of  the 
reduced  pressure  approaches  gutter.  In  this  case  * he  c°ducer  acts  as 
the  safety  valve  of  th<i  system  of  user  (system  of  the  reduced 
press  ure ) . 


Two- stage  reduction  valves. 

For  an  increase  in  the  stability  of  the  reduced  pressure,  are 
applied  the  reduction  valves  of  indirect  (two-stage)  action  (fig. 

74)  . This  valve  consists  or  movable  conical  gate  1,  second  end  of 
which  is  carried  out  in  the  form  of  small  piston  d.  tinier  tha 
condition  of  the  equality  of  the  diameters  of  small  piston  d,  and  of 
seat/socket  D2  of  conical  gate  and  y 1,  inl^t  pressure  of  P„. 
which  acts  on  gar:-,  is  balanced.  Furthermore,  since  chamber  a of  the 
exit  (reduced)  pressure  of  pred  is  connected  through  choke 

openi  ncj/,1  per  t ure  b with  chamber  c,  with  1,  = D2,  also  is  balanced  the 
force  of  tie  outlet  pressure  or  the  Pnro<  which  acts  on  gate  1. 
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During  increase,  the  outlet  pressure  of  p,xa  ovei  computed 
value  pail  valve  1 will  be  opened  slightly,  as  a result  the  pressure 
in  chamber  c is  lowered  and  it  will  be  created  the  pressure 
differential  oetween  chambers  a and  c,  under  action  of  which  the  gat 
of  1 is  displaced  upward  thus  decreasing  gap  y and  consequently, 
lowering  the  fluil  flow  rate  into  chamber  a- 


77000104 


p a s 


conical-i  iston  giti  1 will  bt  found  ir.  the  estate  of  dynamic 
equilibrium  under  the  effect  of  pressure  of  the  Ppej  of  liquid. 


If  * n • outlet  i > r - - s .sure  of  p,Yd  in  chamner  a is  lowered  below 
computed  value,  then  clearance  y under  spring  effect,  which  acts  on 
yate,  will  increase,  and  pressure  in  -he  chamber  will  bo 
restore/reduc^d,  a ft  t being  raised  tQ  the  previous  valua. 


Thu;  , -1^  flow  r ate  through  ball  valv<-  t,  determined  by  the 
resistance  of  the  choke  o pen  ing/ape  r t u re  h,  foes  no-  d?pend  on  the 
flow  rate  througn  clearance  y,  formed  by  valve  sea-  and  by  conical 
gate  1. 

The  valve  ensures  the  high  stability  of  the  value  of  pKd 
practically  independent  of  the  ir.lot  pressure  of  pH  and  fluid  flow 
rate  from  chamber  a. 


CHOKF  AD.HJbTFf.g 
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Throt.t  lc-/~hoK  •“  is  the  controlling  hydraulic  apparatus,  intended 
for  a chan  'j ' in  expenditure  and  pressure  of  the  flow  of  working  fluid 
as  a result  of  tae  passage  or  this  flow  through  the  local  resistance, 
otherwise  t hrott la/choke  is  tlu  local  adjustable  or  uncontrolled 
resistance,  eotabl ish/ installed  in  * he  way  of  flow  of  liquid  for  the 
target /purpose  of  the  creation  of  a jump/drop  in  pressure  oi 
limitation  of  its  expenditure,  attained  by  the  diversion/ta n 
( jet  t ison  i r.  j)  of  part  of  the  liquid  through  the  overflow  valve  irto 
drain  line. 


ny  operating  principle,  they  distinguish: 

«•  he  throttle/choke  of  tin*  viscous  drag,  loss  of  pressure  in 
which  it.  is  determined  predominant  ly  by  the  flow  resistance  of  liquid 

in  the  choke  channel  of  larg*  length: 


the  throt.t  le/chok  ■»  of  t hr  vortex  drag,  * h«>  loss  of  pressure  in 


which  is  1 e t e r iti j n o 1 


essence  bv  the  deformation  of  fluid  flow  and 


r 1 
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by  vortex  formation  ir.  the  channel  of  small  length. 

First  type  tarott le/chokes  ar  • cl,  a ract  er  ized  Ly  large  length  anl 
small  section  of  choke  channel  and  with  respect  small  lo,  in  view  of 
which  the  loss  in  them  of  pressure  is  caused  by  friction  luring 

laminar  tlow,  i.a.  , tr.o  loss  of  pressure  is  under  otherwise  erual 
conditions  the  practically  linear  velocity  function  of  tlow  of 
liquid. 

\ similar  throttle  possesses  the  high  stability  of 

characteristics  whose  hearth  is  understood  the  stay-put  feature  of 
cons*  ar.t/i  r vari  abl  e luring  the  repeated  settings  m of  throttl  “/choke 

at  one  and  the  same  regulating  position.  Howcavor,  sins?  loss  of 
pressure  ir.  this  t h rot  t le/choKt  vary  directly  the  viscosity  of 
liquil,  hylraulic  characteristic  its  Ap  = f (Q)  depends  on 
temperature.  Such  t hrott  Le/chokos  wore  called  the  nama  linear. 

In  second  type,  thrott lo/chokos  pressure  change  occurs 
practically  proportional  to  t square  of  the  soeed  of  fluid  flow,  in 
view  of  which  this  throttle/choke  is  called  juadratic.  The 


cha  racterist  ic  of  ♦ hi  " throttle/choke  in  practice  does 


not  depend  on 
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. Types  of  era  n>  throt.t  lfa/choke 
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Plug  t hrott  le/choices. 


li  low- pressure  hydraulic-  systems  (to  50  kgf/cm?|  it;  common 
throttle- /choxos  of  the  tvpo  of  slewing  crane  (Fig.  75),  the 
resistance  control  or  which  is  tea lize/accompl ish ed  by  rotation  of 
th  e plug,  performed  with  different  flow  areas.  By  the  combination  of 
various  forms  of  flow  areas  is  represented  possifc  le  to  obtain  wide 
range  of  adjustment  and  the  required  characteristic.  Specifically, 
the  rectangular  form  of  flow  area  lab-'-s  it  possible  to  ensure  the  in 
practice  linear  dependence  of  expenditure  on  the  angle  of  rotation  of 
plug. 

Figure  7 5 gives  -:ie  design  diagrams  of  rotary  ‘yp-  widespread 
plug  throttle/chokes.  In  the  throttle/choke  vncsn  diagram  is  given  in 
Fig.  7 Sh  , working  win  low  is  formed  by  * he  intersection  of  the  annulus 
of  rotary  plug  with  round  opening/aperture  in  case. 

The  current  area  f of  the  section  of  window  wo  find  from 


geometric  relationship/ratios  through  formula 
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Any  1?  ol  rotation  7>  pi  uq  C-I8O0.  The  maximum  sectional 
window  corresponds  to  anyle  <P  = 180°  ard  is  computed  accord 
ex  pre  ssion 


f 


max  — 


£t db 
2 • 


I r;  the  * n 
wo  r k i nq  w i n 1 ow 


o"  *•  1 o/c h ok  e 
i s 


whose  diajram  is  shown  in  Fiy. 
the  intersection  oh  th°  nluj, 


7 


area  of 
ny  t o 


formed  by 


which  has 
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the  eccentric  .7 roov  j/r>l ot  (moustache)  of  triangular  form,  with  round 
opening/aperture  in  err,.'.  Current  sectional  area  of  groove/slot 


f = aclk  sin* 


JL 
2 • 


Angle  of  rotation  t plug  0-90°.  Thj  maximum  sectional  area  of 
groove/slo*-  corresponds  to  angle  <t  - 90°  ana  is  computed  according  to 
ex  pro  ssi on 


f =05  ace . 

I max 


In  the  thrott le/choke  whose  diagram  is  represented  ir  Fig.  75c, 
working  window  is  formed  by  the  intersection  of  the  rectangular 
eccentric  j roove/s 1 ot  of  rotary  plug  wi-h  round  opening/aporture  ir. 
case.  The  instantaneous  value  ot  the  sectional  area  of  groove/slot 
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Line  choking  coils. 


For  the  elimination  of  blockage,  are  applied  the 
throttle/chokes,  the  resistance,  control  in  which  it  is  ac 
change  in  the  length  of  choke  channel  (line  choking  coil) 
lire  choking  coil,  given  in  Fig.  70a  and  b,  the  resistanc 
regulated  by  a cnange  in  length  a of  the  groove  of  single 
screw/propeller  by  moans  ol  screwing  up  n[  unscrewing  of 
screw/propoller . The  resistance  of  this  thrott le/choke  d? 
viscosity  of  liquid;  therefore  i*  can  be  auplied  only  a* 
condition  of  *empe  r ature  constancy. 


Chok<  channel  can  le  considered  as  tube  rectangular 
triangular,  depending  on  the  a irfoil/picf i lo  of  thread,  s 
the  calculation  of  resistance  ir  the  first  approximation, 
according  to  common/geperal/tota 1 formulas  tor  ducts.  For 
of  rectangular  cross  section  wi*:i  sides  a and  1 


A p = X 


L_ 
4 r 


usp 

T’ 


h i e v o d by  a 
. In  the 
e is 

-cut 

pends  on  the 
t he 


or 

ect ion  and 
of  news 
the  groove 
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To  r hr-  t hrottle/chokes  of  hydraulic  systems,  which  woix  nn!t-c 
conditions  of  w id  e t«»n>  per  at  are  ia  n je,  is  presente  1 th»  uir?mcn«-  - 
the  form  of  *he  flow  area  of  throttle  valve  must  no*  considerably 
change  the  coefficient  of  fluid  flow  rate  during  the  measurement  of 
the  thermal  condition  ol  operation,  i.c.,  during  a change  in  * he 
viscosity  of  liquid.  Furthermore,  since  during  a decreisa  in  *ho 
perimeter  of  *ne  flow  area  or  the  enamel  of  t h rott  le/choke  decreases 


minimum.  If  is  obvious,  better/best  from  this  viewpoint  they  a r« 
throttle/choke..  with  the  l‘-ss  ratio  of  the  perimeter  of  choke  slot  t0 
the  arm  of  ms  section  and  with  the  shortest  channels  (passajes  for 


These  requirements  most  completely  answers  quadratic 
throt  tie /choke  in  the  form  of  fine/*hin  washer  (d  iaphr agm)  with  rounl 
opening/anerture  and  sham  edges  (Fig.  77a)  . The  throttling 
properties  of  op?ning/a  per  tures  in  such  wishers  of  caused  basically 
by  energy  los.se>-,  iurinj  sudden  cortriction  and  flow  expansion, 
whoroui on  flow  expansion  is  accompanied  by  intense  vort  ax  formation 
in  the  zone  of  i^facmd  flow,  "hri,  fsrr  similar  t hrott  1 -Vc  hoke  s 
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possess  th<  ndninum  ioper.dence  oi  r^.uKtancc  on  t he  viscosity  of 
liqui d. 


During  Mie  development  of  !,  yduul  ic  sv  sto  ms,  f ra  ju^nt  1 y is 
required  * h«  thrott Ic/cnske,  wrich  posaenG^s  hiqh  hydraulic 
rpsiaf  ance  (largo  juai  p/drop)  and  stable  discharge  characteristic 
during  ti  • f i uctua  ♦•ion  s of  viscosity.  To  ensure  similar  requirements 
with  ore  choke  f ian  q->  is  not  represented  possible,  si  nee  the 
size/d  intension  of  its  opening/apei  t ure  in  this  case  can  be  so  small, 
that  is  possible  the  blockage  by  the  contaminations  of  liquid.  In 
view  cf  this  are  applied  multistage  t hrott le/chokes  from  several 
consecutive  choke  flanges  (Fig.  77;  and  c)  , the  operating  principle 
of  wh  ieh  is  based  on  repeated  contraction  and  the  expansion  of  the 
flow  of  liquid. 
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The  resistance  of  this  throat  le/cl.oka  is  regulated  with  t he 
given  sizc/di mension  of  open  ing/a  p«r  t u to  by  tie  selection  of  the 
amount  of  washers.  Since  the  distance  between  washers  is  usually 
small,  and  the  cross  section  of  washer  (diameter  3)  jraatly  in 
comparison  wi*-.h  the  section  of  opening/aperture  in  washer,  it  is 
possible  t o consider  that  the  hydraulic  resistance  of  this  package  is 
caused  1 y losses  of  pressure  luring  tne  discharge  through 
open i ng/a per t ur“3  in  fine/thin  wall. 


Practice  shows  that  the  discharge  characteristics  of  this 
throt  tit /choke  somewhat  they  influence  the  li stance  between  washers 
(Fi  g.  77  c)  which  must  be  not  loss  ( i-S)  d,  where  1 is  3 diameter  of 
oper.i  ng/aper1-  ure,  or  thickness  ? of  the  throttling  washer  or  its  edge 
(rig.  77a)  which  usually  is  select'1!  rot  porj  (0.4— 0.<_>i  d. 


Diameter  i of  opening/apertures  in  washers  must,  b not  less  than 

0.  d mm,  since  otherwise  is  possible  their  blockage  by  the 
contaminations  of  liquid,  With  the  assembly  of  choke  pac<ige,  the 

washers  usually  are  displaced  rt  lative  to  <->ach  other  so  that 
opening /apert u r c s in  them  would  not  be  Located  one  against  another. 
With  is  changed  also  setting  choke  package  from  the  alternating 
consecutively  washers  with  sev<  ral  (‘vc  and  four)  opening/apertures 
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(Fig.  77c).  During  the  alternation  of  such  washers,  the  ixle/a  r>s  of 
opening/ape  rt  ures  will  not  he  it  is  located  on  conwnon/gene  ra  1/ 1 ot  a 1 
ax le/ux is . 

Are  discharged  also  the  single-disk  adjustable  throttle/chokes. 
Control  here  is  achieved  by  the  application/use  of  the  choke  needle 
(Fig.  77.1)  , wit),  tn  - aid  of  which  changes  the  section  of  choke 
openi  rig /a  pe  r t ure. 

- 

For  ar.  increase  in  the-  fineness  of  the  adjustment,  of  the 
adjustable  diaphragm  *•  hrott  lo/choke  its  flew  area  fraguently  is 
performed  in  the  torrr  of  the  angular  or  rectangular  grooves  (Fig. 

77e)  , carried  out  on  the  barrel  of  the  movable  part  (lock)  , which  can 
be  carried  out  both  constant  and  alt er nat ing/variahle  section  in  the 
course  of  this  part.  This  throttle  has  advantages  over  the 
need le-sn a pel  throt tl'/choke,  presented  in  Fig.  77d  both  on  the 
possibility  or  obtaining  low  expenditures  and  with  *:he  possibility  of 
a decrease  in  the  blockage  of  slots. 

Page  111. 
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Loi?.",  of  pressure  In  diaphragm  throttle/choke  with  round 
openiny/aper t uro  and  sharp  ed q e (see-  Fiq.  77a)  is  caused  by  Lo  sses  by 
shock  f 6 1,  in  view  >f  which  during  practical  calculations  of  these 
t h rott le/chokes  ir  is  possible  to  apply  formula  (20)  for  the 
calculation  of  expenditure  during  the  escape  of  Liquid  from 
openi  ny/a  pert  ur&  in  fine/th  it:  wall. 


During  *ha  approximate  computation  or  the  multi-disk 
throttle/choke,  which  corsists  of  n of  identical  washers,  which  are 
located  on  e jual  list)  iu:o  / from  -ach  other  (sec  Fiq.  77,o)  , 
disregards  losses  in  » r.e  chambers  between  washers  and  effect  on  the 
resistance  of  count  *r  pressure  in  thorn,  ind  also  fh.,y  r s s u m “ 


1 


The  resistance  of  dianhraqm  throttle/chokes  with  the  controlling 
valve/gato  (see  Fig.  77d)  can  Le  calculated  from  known  formula  (19) 
for  the  calculation  of  the  local  losses  of  head,  after  accepting 
coefficient  rt  = 2-2.1  (see  [7]).  These  values  of  coefficient  Q it  is 
possible  *o  accept  luring  M,,?  calculation  of  crane  *yp? 
throttle/chokes  (see  Fig.  75a) , speed  of  fluid  flow  for  which  is 
assume/ta k en  rot  the  greatest  bottleneck  of  channel. 


1 


that 
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total  resist  mice  (the  pressure  differential)  the  Ap„  of  the  choke 


package  or  washers  is  equal  to  the  sum  of  resistance  Ap  the  separate 


wa  sne  rs 


A p„  = A pn  hjih  Ap  = -^p- . 


Since  through  each  washer  * low/lasto  p«r  unit  tine  one  and  the 


same  amount  of  liquid,  is  expenditure  C of  liquid  under  the  condition 


of  the  cross-section  equality  of  o peri  i n q/a  per  t u res  in  washers 


Q = p(o]A^  = P„o)]/2^, 


whore  p - the  coefficient  of  the  expenditure  for  a single  washer;  u = 


Trd?/4  - the  sectional  area  of  open  irig/a  perture  in  washer;  m ar< 


the  given  coefficient  jf  the  cxper.  liturw  of  the  choke  package  of 


.his  coefficient  shows,  now  fluid  flow  rate  through  th°  chok< 
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package,  which  is  of  n of  iuorit  ica  l washers  is  less  wit  a n«-  sice  the 
pressure  ii f ferent ial , than  the  expenditure  throuyh  the 
throttle/choke  with  one  washer.  Its  value 


'•’roc  the  given  data  it  follows  that  the  diameters  of  the 
opening/aper tures  of  throttle/choke  with  one  and  many  washers  with 
the  assign*.]  constants  expenditure  o and  ♦ he  pressure  differential  Dp 
are  connected  by  relat  ionship/rat  io 


Q = pdJ  |/T^  = Mn  V2  ’ (45) 


where  d d„  - the  diameter  of  open  in  j/apertures  with  one-i  by 


mu  lti-washer  th  ro*- 1 le/choke 


noc 
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During  more  pi  k; i s e-  calculations  it  is  necessary  to  sor.si  1«r  ♦ ha 
count  erpressur  ‘ of  the  tnediuir  into  which  occurs  the  ••»32a  pa  of  liquid. 
Under  the  action  of  *■  h is  count  or  pressure,  the  actual  consumption 
through  the  packaje  of  washers  during  turbulent  flow  can  differ  from 
the  e xpe nd i t ura , calculated  fron.  expression  ( 4 5)  . 

Exper ience/experiment  shows  that  of  the  establish /installed  turbulent 
mode/cond  i t ions  (Re  > z*103)  the  actual  given  coefficient  of  the 
expenditure  of  pA  exceeds  th“  calculated  n„,  "alculated  not 
allowing  for  counter  pressure,  in  accordance  with  which 
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The  average  value  of  Mis  coefficient  for  ?e  > 2*  1 0 3 car,  a?  taker,  as 

1.25. 


However,  in  this  case  if  is  necessary  to  consider  that,  since 
under  giver  conditions  diameter  1 of  s rg le- wa sher  throt t Is /cho ke  less 

than  tie  diameter  of  the  washers  o:  mu  It i- was  her  throt 1 1 a/choke  *he 
d„,  different  with  constant  0 and  Ap  will  he  also 
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Value*  of  this  number  rot  a mu  It  i-  wash  or  throttle/nhoke 


?<ik ini)  into  tccount  expression  (4f.)  thin  dependence  of  He  or  n 
will  take  form 


J 
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Re 

Vn  ' 


The  expeniitur-a  through  the  itulti-washer  t hrott  l^/chokc-  depends 
under  otherwise  3 ] m 1 conditions  on  -ho  distance  between  washers, 
optimuir  val  uo  ;>  f which  one  should  consider  / ^ 5d. 


The  calculation  of  mu  1 1 ii- washer  throttle/choke  with  the 
alternating  washers  with  one  and  two  open  ing/af  er  tures  of  equal 
size/ line:  sions  produces  itself  on  the  basis  of  the  condition  tha- 
t. he  conductivity,  according  to  expression  (21),  washer  with  two 
open ing/a pert ures  2 times  is  higher  than  the  conductivity  of  washer 
w it  h on°  open  in  g/a  per  tu  re.  In  accordance  with  this  calculation  of 

this  th  rot  - 1 -,/z  hok  e i-  is  possible  to  practically  produce  on  equality 
(44)  with  -hi  replacer ant  of  the  given  coefficient  of  th?  expenditure 
of  package  on 
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V ny  f rij/2 


where  n,  ard  n2  - + he  amount  of  washers  in  accordance  with  one  ar.d 
two  openin  q/apert  uros. 


Ir  accordance  with  that  which  was  jivon,  equality  (95)  will  take 


form 


(nt  + -%-)d 
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AUXILIARY  HYDRAULIC  APPARATUSES  OF  CONTROL. 

Hydraulic  systems  include  the  large  amount  of  different 
auxiliary  hydroaggr  o.gutes  (apparatuses),  intended  for  control,  dosir.j 
and  the  flow  restriction  of  liquid,  the  protection  of  hydraulic 
system  from  the  loss  of  working  fluid  during  the  destruction  of  any 
aggreoat e/unit  or  section  of  main  line.,  fixing  cf  hydraulic  engine  in 
the  assigned  position  and  etc. 

Limiters  (regulators)  of  fluid  flow  rate. 

When  it  is  required  + o ensure  constant  fluid  flow  rate,  for 
example,  tor  maintaining  the  constant  velocity  of  the 

rctat  iori/re  volution  or  r.  ydraulic  engine  with  i^s  alternating/variable 

load  (pressure) , in  the  feed  line  of  user,  are  istallod  the  limiters 
of  flew  (flow  regulators) , which  by  means  of  the  automatic  control  of 

loss  of  head  provide  the  assigned  fluid  flew  rate. 

Flow  regulator  is  the  controlling  hydraulic  apparatus,  intended 
for  maintaining  t.iio  determined  flow  of  the  passing  through  it  working 
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fluid  without  depen  lin  j on  the  osc  i 1 la  t ion/  vi  in  at  ion  of  a pressure 
difference  in  that,  which  supply  and  that  which  discharge  hydraulic 
lines . 


The  diagram  o £ a similar  flow  regulator  is  depicted  on  Fig.  78a 
Regulator  has  two  throttles  one  of  which  the  uncontrolled  type  is 
executed  in  base  b of  piston  ar.d  second  automatic  adjusted  depending 
cn  the  pressure  differential  is  executed  in  the  form  of  window  d of 
a 1 ter  nat  i ny/  var  iabl  section.  Liquid  nom  inlet  duct  a enters  chaiabe 

b and  further  through  the  choke  flow-meter  opening/aperture  c in 
movable  choke  piston  1 and  windows,  d of  al  fer  natina/varial;  le  section 

in  housing  is  directed  to  toward  outlet  duct  e,  connected  with  user. 
Piston  1 is  loaded  by  weas.  spring  2,  it  will  strengthen  by  which  it 
is  balanced  the  pressure  differential,  created  fcy  the  resistance  of 
open  i ny/a  per  tu  r e c.  If  fluid  flow  rate  b y user  increases,  then  will 
increase  a jump/drop  in  the  pressure,  as  a result  piston  1 will  mowr- 
and  partially  will  overlap  to  the  right  windows  d,  decreasing  the 
expen  di*  ure/consura  pti  on  to  *_ht  value  for  which  is  designed  * he 
limiter.  During  a decrease  in  the  •- x no  r.  ii  t ure/consumpt  i on , uistoi  1 
will  move  to  the  left  and  will  decrease  the  total  resistance  of 
windows  d and  of  opening/aperture  c. 
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rr  opening/aperture  c 

the  diagram,  given  in  Fig. 
fine/thin  wall),  then  the  eaui librium  conditior  of  piston  1 will  bt 
determined  by  expression  f ste  also  expression  (20)  ] 

FAp  = Pnp;  ^ = A p = ^-£i, 

where  F is  a sectional  area  oi  piston  1;  Ap  - the  pressure 
differential  in  openir.  j/apor  f ui  • c;  Pnp  - the  comuression  of  spring 

2;  y - fluid  flow  r.c-  ♦ h rough  openinq/aperture  c;  f is  an  area  of 
openinq/apert ure  c. 

Area  i and  t h*  force  or  Pnp  design  usually  for  the  pressure 
differential  At  /pr  1-5  kgf/cm7  1 cr  the  assigned  maximum  fluid  flow 
rate. 

Figure  7t3L  depicts  th  construction  ct  * ru  limiter  of 
expenditurc/consum ption,  similar  precoding/previous.  Unlike  the 
diagram  examined  a cove  in  this  construction  part  2,  the  employee  of 


rr.  the  fasr  of  piston  4 is  executed  for 
77a  (in  the  form  of  cpening/apertur^  ir. 


J 
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direct spring  ),  hi  . the  l-asic  H-eteiino  uol  *-  K,  »r !» i h ensures  the 
minimum  fluid  flow  rat  - at  tin-  miximum  pr<  .;.'in  i / whicl  the 
expenditure  window  :»  » .11:  t ai  • nv  1 1 » 1 red  Ly  * lo.»  - in  j pis  ton  1 witt 

openiny/aportu re  ir  • nd/ f to-. 


Dm  im  a dan  ]■’  in  t .111  -ct  ion  of  fluid  tl>»,  piston  1 1.. 
es tat li;.h/iru.t  ailed  i : era  1 > • t i.<>  -.j  tier.  \ '1  1 1 im  id  ‘ !<•> 4/ 1 a ♦ 

throuqi.  c >"■{.  i<  t • l y « i • r 1 : . ■ : •♦•tin;  Polo  1.  ' 1 " I’-t 

en  sure;  t h>  virtually  . * » i i « 1:  . 1 n<  f • x|  . a a 1 1 uro/cort  mr  t 1 >• 

indep«  1 1 1 * pi  jr«  at  >ut  11  ■ . • ( iri  . id)  w . • ♦ 1 • 

error,  w'icii  Joe.  >r  1 h./i. 


T he  : iuar  n m 01  t h ! low  1 • ; u 1 * ■ > t cf  1 1 1 1 ui  1 > * 1 not  he  1 * y t < is 

sh own  in  1 7 9a,  • 'll  at  -u  c«  * 1.. * * «c  * r t * • !•  / : k>  - * 1 

washer  1 1 i xed  los  1st  . 1 t r>a  an  t on  ♦ • • |u  * i via;  : 1 » a r ■ 

dete  1 mim  . U v t lie  positron  < . • 1 » : 1.  r<  ’ ♦ 1 1 1 t 1 pin:  1 • 1 < . 1 1 1 ■ 1 >it  I • I 

is  1 ocit  t ■ u mi  ei  ,.rn  1 r 1 ■ t , w!  i<-:  \ t ♦ , ,m  \ t ♦ « it  .In-.  1 ♦ a re 

to  increasi  • • * . r iq  h t flew  a tea  ( t ie  > ..  * • r 1st  nc  ) , 1 

the  ptn.sut(  (iitlfi  i.Mal  A),  p,  ^ 0}  li  ui;  , or  * hr  0f  t le/chok.«  1 

whose  for  c<  * ntou  j.i  pi  st  or.  i at  teo<  pts  to  displace  : l'inp'i  J to  *0  the 

left  and  decrease  the  llo*  nr> a (to  increase  thr  resistance  of 


thrott  le/cl.oke) 


r 
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The  pressure  differential  Ap,  = Pj  - p2  is  determined  by  the 
characteristic  (torce)  of  spring  S and  in  practice  does  not  depend  on 
pressure  u j at  the  ir.lot  into  regulator  and  pressure  p3  at 
output/ yield  from  it. 


During  a pressure  increase  p?  in  the  interthrottle  chamber  a 
over  that  which  was  assigned,  a juuip/drcp  in  the  piston  pressure  2 

A p j = p,  - p?  decreases-  (with  p,  - const),  in  u sprinj  5 throujti 
pusher  4 it  displaces  thro*tl:  r.g  plunger  1 to  the  right,  increasing 
the  section  or  throttle/choke,  with  decompression  p?,  the  process 
flow/ lasts  m reverse  order,  consequently,  the  pressure  differential 
Ap,  = p,  - p ? on  throttle/choke  1 is  supported  ly  constant.,  in 
accordant;  - with  which  :>y  constant  will  le  also  the  flow  rate  through 
it  of  ligui  i. 


Th“  ■ puilibrium  condition  of  piston  2,  of  the  manager  throttling 
plunger  I,  takes  tr,  e form 


APlF0  — P ± T — R 


or 


A Pi  = 


Pt  + Cx  ± T — R 

f* 
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where  P is  compress  ion  of  spring  r- 
minimum  oxpenditur  ? .slot)  ; T - the 
elements;  H - flow  forces  (react ion) 
plunjer  3;  ?0  is  a Jo  ret  of  iri-ial 
value  or  x)  : c - the  coefficient  of 
displdcement/niovemont  or  plunder  s 
F 0 is  pit  ton  clearance  2. 


with  x - 0 (it  corresponds  t o the 
frictionaL  tcrce  or  movimj 
of  fluil  flow,  wnich  acts  on 
tension  of  sprinj  (at  the  maxi  mum 
spring  constant;  x - the 
frcir  completely  enclosed  position; 


Sir.c  ' tne  force  of  frictior  T makes  t ) « characteristic  of 
requlator  worse,  they  attempt  to  maximally  decrease  it.  The  simplest 
structural/design  met  hod  of  this  is  the  cutting  on  plunger  3 and  the 
piston  of  2 circular  grooves,  anu  ,3lso  t),f,  provision  for 
accuracy/precision  an i finish  quality. 


For  increase  or 


sensitivity  the  controls  increase  area  F0  piston 
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2 whose  value  i n many  instances  th<-y  lead  tc  values,  5 times  and  more 
exceeding  the  area  of  plunger  d.  An  increase  in  tne  sensitivity  is 
caused  m this  case  by  the  tao*  that  with  an  increase  in  the  diameter 
of  piston  the  perimeter  ot  friction  is  raised  proportional  to  the 

first  degree  or  diameter,  and  ai ea  - it  is  proportional  to  its 
sg  ua  re. 


Total  resistance  Ap  (Mie  pressure  differential  in  regulator) 

Ap  = Ap,  + Ap2, 


where  Ap,  = p,  - p ? - the  pressure  differential  on  throttle/choke  1; 
Apa  = p 2 ~ Pa  is  the  pressure  differential  in  the  slot  of  the 
a a jus tab  1 o throttle/choke. 


Page  115. 


Fluid  flow  rates  through  the  opening/aperture  of  t hro t t lo/cho ke 
1 Q,  and  the  slot  (win 'low)  Ca  of  the  adjustable  throttle/choke  aic 
connected  according  to  t.  ho  law  or  flow  continuity  by  expression 


whore  ^ , an  i p2  - 'he  co«f  £ icier* s of  'ho  flow  ra * e of  the 
opening/aperture  of  ♦ h r of  t le/choke  1 ar.d  of  tno  slot,  formed  i.  y 
plunger  3;  f,  and  r2  are  flow  passage  c loss-s ect iona is  area  of  th*- 
open inn/aper t ure  or  t iirottle/choke  1 ami  oi  the  s’o*,  formed  by 
plunger  i. 

The  coefficients  of  flow  rate  pj  and  m?  Are  determined  by  spills 
(on  the  basis  of  experimental  data),  ter  the  precomputations  it  is 
possible  to  accept  p1  = 0.62,  p2  = 0.7-0.75. 

Approximately  the  reaction  of  fluid  flew  to  plunger  3 


R =2 hjMPs  cos  p, 
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where  f.  is  the  an  ) 1<-  of  d(;pactur<  or  jet,  depending  on  the  torn  of 
the  overlapping  part  of  the  plunger  (»ith  sharp  s traigh ts- edge  it  is 
possible  to  accept  3 = t -9°)  . 

Tie  liugran;  or  a regulator  of  another  type  is  shown  in  Fig.  791. 
Regulator  has  two  the  consecutive  hydraulic  th  rot  t le/ch  ok.e  s,  from 
which  *hrot  tlt/chok®  4 is  u ncr  t.  r roll  cd , definite  a jump/jrop  i r. 

pressure  t.  2 - p3  on  pistoi  2,  and  * h rot t lo/choke  1 it  is 
automatically  corr  acting  the  tluid  flow  ra*e  depending  on  loai.  The 
operating  principle  of  this  regulator  is  rased  on  the  comparison  of 
the  fcrce,  developed  pressurt  differential  p?  - p3  on  piston  2,  with 
trie  force  of  the  tightening  or  the  springs  of  3 regulators,  the 
difference  between  which  is  utiiir-d  for  an  automatic  control  for  th« 
target/purpose  or  the  stabilization  of  flew  rate. 

Let  us  assume  t.iat  at  constant  working  pressure  (p1  = const) 


fluid  flow 

rate  was  r a 

ised.  Ir 

this  case  will  be 

r aised 

also  a 

ju  irp/drop 

in  pressure 

P ? “ ! 3 » 

in  consequence  of 

which  p 

iston  2 

un  der 

the  action 

of  this  ju  at 

P/drop, 

moving  to  the  side 

of  t n s 

cove  rag* 

of 

vor ki n g wi 

r:  iows,  j ..cr- 

uses  the 

i r s-c  t iona  L ar  «a 

and  d-*cr 

eases 
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respectively  the  f 1 cw  rate  through  a ut cma t ica  1 1 y regulated  throttle 

1. 

During  a reduction  in  the  flow  rate,  occurs  reverse  process  - 
pistor  2 is  moved  to  the  side  of  discovery/opening  working  windows, 
as  a result  the;  sectional  area  of  the  latter  and,  consequently,  also 
the  fluid  flow  rate  they  will  increase. 

Synchronizers  of  the  motion  of  node/units. 


In  many  instances  it  is  required  to  automatical! y synchronize 
the  exit  velocities  or  several  hydraulic  enyines  (actuating 
cylinders),  which  feed  from  ore  (common/genera  1/total)  pump.  In  this 
case,  for  the  synchronization  cr  the  action  of  several  hydraulic 

engines,  usually  it  is  required  to  ensure  the  equality  of  th»ir 
velocities. 


For  this,  are  applied  different  equipment/devices,  most  widely 
accepted  from  which  are  cguipn.e  nt/devices,  called  the 
divider/denominators  of  the  conducted/supplied  flow,  constructed  or 
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volume*ric  or  choke  principle. 


Volurae  * ype  simplest  d i vi  dor/  ionoir  in  a ter  s are  paired  (connected 
with  shafts;)  hydraulic  motors  of  1 and  2,  pre do irina nt  1 y axial-piston 
types  (Fig.  80a).  The  hydraulic  motors  in  this  diagram  are  t ne 


flow- meter 

eg ur  pme 

n t/d e vices 

(dosing  d<: 

vices) , wh ich 

pass  through 

t hemsel ve s 

in  one 

re  vo 1 ut ion 

liquid  in 

the  volume,  o 

qua  1 to  the 

working  v o 

1 u m e of 

h y.i  r t u 1 ic 

motor  ( n o'- 

allowing  for 

leakages  in 

hydra  ul ic 

motor)  o 
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With  tr.e  e o u a 1 working  volume:-',  of  hydraulic  motors,  1 and  2 
division  of  flow  ^ or  the  liquid,  which  pr.^rs  from  the  source  ot 

flow  rate  (pump)  between  hydraulic  engines  3 and  4,  will  be  produced 
in  this  diagram  to  the  equal  parts  Q/2.  Under  the  condition  of  the 
equality  of  the  external  lead  of  cylinders  (?t  sz  ??)  the  pressure- 
differential  in  hydraulic  motors  will  be  caused  only  by  friction, 
i.  e.  , hydraulic:  motors  in  this  case  virtually  will  work  in  no-load, 
in  view  of  which  hydraulic  slipes  in  them  virtually  are  absent,  i.e. 
volumetric  efficiency  them  is  approximately  equal  to  unity,  in 
consequence  of  which  a similar  synchronizing  circuit  under  these 
conditions  will  be  able  to  ensure  relatively  high  accuracy /precision 


tlow^ver,  wit!  th»  different  external  leads  of  hydraulic  engines 
(Pi  P?)  the  equality  cf  pressures  in  them  will  he  lisrupt^d  (p 

p2)  , as  a result  in  - he  lino  of  the  underloaded  hydraulic 
engine,  it  will  appear  margin  of  power,  in  view  of  which  the  being 
found  on  this  line  hydraulic  n-ct or- dosing  device  will  enter  the  work 
as  the  drive  of  the  second  hydraulic  motor,  which  is  found  in  the 
line  cf  the  overloaded  hydraulic  engine  which  in  this  case  will  work 
in  the  mou  e/con  (lit  ion.-:  ot  the  pump,  which  raises  pressure  over  the 


pres 

SU I e 

- of 

the  power  supply  (at 

the  l n let  into 

hydraulic  motors) 

ot 

Pm 

to 

t ne 

value,  necessary  toL 

the  overcoming 

ot  resistance  m 

t he 

line 

cf 

t h o 

overloaded  hydraulic 

e ng ine . 
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It  i:  obvious  that  in  this  mode/cond i t ions  (p,  ??  or  p, 

— -A.  [?)  the  pressure  differential  in  both  hydraulic  mot  or-dosing 
devices  will  he  caused  not  cnly  by  mechanical  losses,  but  also  the 
difference  in  the  loads  of  cylinders  P;  and  p2,  which  in  this  diagram 
is  compensated  for  by  work  as  the  pump  cf  the  hydraulic  motor, 
esta b lishod/insta 1 led  in  the  branch  of  the  overloaded  cylinder. 


The  pressure  litferential  on  hydraulic 
hydraulic  motor  which  will  work  as  pump,  in 
equal  not  allowing  for  frictional  forces  in 


motors,  including  that 
this  case  there  will  be 
s y ste m 


Ap  = 0,5p^ 


- P„ 


_ P\m\  P rrin 

wher  e p„  m j 

hydraulic  motors);  Pm>x 
current  load  of  hydraulic 
cylinder. 


- pressure  in  feed 
and  Pt  ln  are  the 
engines  (cylinders) 


line  (pressure  before 
maximum  and  minimum 
; F - the  area  of 
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c d use a 


for  the  compensation  for  the  d 
is  distributed  equally  between 


by  the  fact  that  the  power,  required 
ifference  in  the  loads  of  (Pmtx  — Paun)> 

both  hydraulic  motors. 


Page  117. 

Consequently,  with  no  lead  of  one  of  the  cylinders  both  hydraulic 
motor-dosing  devices  will  work  (not  allowing  for  losses  for  friction 

in  system)  with  the  pressure  differential,  equal  to  0.5  p„,m,  where 

the  Pnum  - pressure  in  feed  line,  which  corresponds  to  the  load  of 

P max* 

In  view  or  the  possibility  of  d ist  ur  hance/Lrea  led  own  lecause  of 
this,  the  accuracy/precisions  of  dosing  with  the  varying  loads  of 
hydraulic  engines  as  lividers  can  be  applied  in  the  examined  simple 
diagram  only  the  hydraulic  motors,  which  possess  high  volumetric 
efficiency  (small  leakages)  , tc  such  arc  related  the  hydraulic  motors 
of  axial-piston  types. 
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Pig  at  dOn  jiv->s  ‘he  d iugraa  oi  the  volumetric 
divider /do  nominator  of  flow,  i r wnich  as  flow-meter  equipment/device 
is  applied  threc-goar  pump,  wl.ich  is  actually  + uo  combined  qear  I 

hydraulic  motors.  For  a decrease  in  the  possible  error  of  the 
division  of  flow,  caused  by  a difference  in  loads  p,  and  P2  actuating 
cylinders,  is  applies  the  automatic  throttle  governor,  which  is 
floating  plunger  1,  which  at  the  equal  pressures  p,  and  p2  liquid  in  I 


the  lines. 

wh  ich 

driv..-  to  hydraulic  engines 

(p  i = P2)  * 

will  be 

f ou  nd 

in  the  mid 

-posi ti 

on  between  channels  e,  and 

e2  through 

which  oc 

curs 

the  power 

sup  pi y 

of  these  engines,  dovever. 

during  1 oa  d 

chan  qe 

ir.  one 

of  the  engines  (P  t -Jr-  p2)  plunger  1 as  a result  of  the  created 

pressure  difference  (p,  -zf-  q2)  or  lr  j u i d in  chambers  c,  and  C2  it 

will  be  displaced  in  ‘he  direction  of  tue  cnaaber  with  less  pressure 
and  partially  it  will  overlap  the  appropriate  channel  of  the  power 
supply  or  engines  e,  ri  i e2,  in  consequence  oi  which  the  total 
resistance  (and,  consequently,  fluid  flow  rates)  of  the  branches  of 
bot.li  engines  will  be  made  even. 


It  is  obvious  that  not  allowing  for  friction  plunger  1 with  any. 


as  small  as  desired  d i st urfca nce/bi eak d c wr  cf  equality  pt 


p?  comes 


into  action  compensating  possible  mismatching  whimight  come  about  as 
a result  oi  the  change  of  leakage  in  the  hydraulc  motors  with  pt 


p2.  Consequently  the  hydraulic  mot  or- dose  rs  in  this  diagram  will 
operate  at  a constant  pressure  (inferential  caused  only  by  frictional 

losses  in  them,  thanks  to  which  equality  of  flow  oithe  liquid  in  them 
will  be  ensured. 

Choke  divider /denominators  ol  rlow.  The  divider/denominator  of 

flew  (valve  of  the  re  lat  ienshi  j of  flows)  is  irt-r.ded  for  ’•he 
separation  of  one  flow  of  working  fluid  to  two  or  more  flows. 

From  choke  dividers  most,  is  widely  common  the  »guipme  nt  /\ evice 
whose  diagram  is  shown  ir  Fig.  tla. 

The-  division  of  flow  0 i n this  equipment  /dev  ice  on  0,  and  Qz  is 
realized  with  the  aid  of  two  packages  of  the  chcke  flanges  of  1 and  2 
and  examined  floating  plunger  1 of  adjustable  throttle/choke,  which 

a u tom  at ica 1 1 y ensures  the  equality  of  pressures  in  chambers  c,  and 
C2,  connected  with  *n-  cavities  of  hydraulic  engine. 


Plunger  3 an  in  tn>  diagram  examined  active  (see  Fig.  dQh)  , it 
will  he  located  at  the  wuual  loads  P,  = P2  hydraulic  engines  and  the 
respect  i voi  y •.qua  1 re„.tur-.s  of  lijuid  m chambers  c,  and  C2  in  fice 
position  (between  the  cutoft  edges  of  these  chambers  through  which  is 
realised  the  power  supply  of  these  engines).  With  the 
disturtance/breakd own  or  the  equality  of  the  lead  of  engines  (?! 

P2  and  respectively  f,  p?)  plunger  3 as  a result  of  the 

created  pressure  difference  in  chambers  Cj  and  C2  will  move  in  the 

direction  of  the  chamber  with  less  pressure  ana  partially  will 
overlap  the  appropriate  channel  of  the  power  supply  of  engine,  in 
consequence  of  which  the-  total  resistance  (and,  consequently,  fluid 
flow  rates)  of  the  branches  of  rofh  engines  they  will  oe  made  even. 


Figure  81b  depicts  the  position  of  the  nlunger  wnen  pj  > p?  and 
respectively  Pcl  >>  Pct,  while  Fig.  81b  - the  situation,  when  p,  < p2 
and  respecti  vely  Pci  <■  pct. 
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Since  the  system  is  supplied  from  common  source  (pump)  wi  + h the 


pressure  of  p 


the  force  condition  cf  equilibrium,  which  act  on 


choke  plunger  3,  will  have  the  tor:n  (as  engines  are  applied  actuating 


cylinders) 


Apji  bp3  1 -\-  P I A/J2  2 *f"  Ap3  2 + p 2 Ph 


where  o:  the  bp 

11  ~~  Pm  — Pc 


bp  22  ^ Ph  Pa 


- loss  of  pressure 


in  lamellar  thr ott le/chokes  1 and  2 (in  accordance  with  given 


bp  n + Pc  i — bpi3  + pc ;);  A p3l  = pcl  — p, 


and  ‘bp3,—pc3 — p„  - the  loss 


cf  pressure,  caused  bv  the  partial  overlap  by  the  plunger  of  J 
channels  of  the  power  supply  of  the  hydraulic  engines  of  cylinders; 


here  pci  = p, -h  &p3l  dIlU  Pa  = Pi  + bp33 


pressure  in  chambers  ct 


and  C?;  p,  and  p?  are  pressures  in  cylinders. 


Disrecgarding  losses  due  to  friction  of  plunger  3,  we  will  have 
an  Pa  = pct,  i in  accordance  with  which 


Pi  + bp3l  — Pi  + bp32. 
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Ir.  ruch  a case,  when  the  piston  stroke  of  one  of  the  cylinders 
along  some  reason  ceases  itself,  plunger  J completely  will  overlap 
the  window  of  the  pewor  supply  of  paired  cylinder,  is  a result  the 
motion  of  its  piston  also  will  cease  itself. 


From  that  which  was  given  it  follows  that  under  the  *akef; 
condition  of  Pa  — Pa,  ^Pn  ~ APa?  and  F,  = F?  any  by  a chanoe  in 

their  load  p,  and  P2,  will  be  accompanied  by  an  equal,  but  opposite 
on  sign  change  in  the  adjustable  resistor  (jump/drop  An3,  and  Ap3?)  , 
reached  to  the  displacement  o:  choke  plunger  3. 


In  actuality,  as  a result  of  friction  of  plunger  occurs  certain 


. 
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error  in  the  division  according  to  ilcw  rate,  whereupon  during  a 
decrease  in  the  Liow  rate  the  relative  error  ot  division  q row/rises 
and  during  some  flow  rates,  tiiction  ot  plunger  3 and  resistance  of 
the  package  ot  choke  flanges  di  v id  <;  r/d  enom  ina  tor  will  not  react  to  a 
change  ir.  the  flow  rate.  Taxing  iiito  account  this,  one  should 
maximally  lower  the  frictional  forces  ot  plunger  and  raise  within 

margins  the  resistance  of  constant  t hrett le/c hakes.  The  error  of  the 
division  of  the  flow  ( 1 if f orence  in  flew  rates  Cj  and  Q?  in  the 
branch*  s ot  actuating  cylinders,  referred  *-.o  the  complete  flow  rate 
of  C)  t.  he  ;c  li  v i der/de  no  mina  t or  s does  not  exceed  2-3o/o. 

rot  t!.>*  division  of  fluid  flow  to  two,  assigned  parts  apply  also 
the  uivisu/ut  nominators  of  flow  (sample  preparing  devices)  with  one 
movabl*-  cell/element. 
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This  ii vi ier/deroou  n it  or  consists  of  t«o  i ri  parallel 
estab  1 isnod/instal  led  hydraulic  friction  a and  t (Fig.  Bid),  the 
accompl ishod/carr io  i out  in  the  form  th  tot  t le/chokes  in  th  •»  bases  ol 
floating  piston  1.  Applied  in  volume  :.)  liquid  is  divided  with  ♦■he  aid 
of  these  friction  into  two  flows  Q i and  1Q?  (during  equal  friction 
these  flows  ate  equal). 

Tf  the  flow  rate  in  the  main  line,  connected,  for  example,  with 
channel  J,  will  exceed  rot  any  reason  the  flow  rate  in  main  line  c, 
it  will  be  created  the  diffe-ier.ee  in  the  friction  ot  t.hrot.tl  “/chokes; 
less  ol  pressure  on  throttle  a exceeds  less  of  pressure  on 
throt. t. le/ehoke  b,  as  a result  pressure  p2  will  exceed  pressure  pt. 
Under  the  action  of  the  unbalanced  force,  caused  by  tne  created 
pressure  differential  (An  = p2  - pj),  floating  piston  1 will  move 
into  the  position  in  which  equality  p2  = p,  will  he  restore/reduced, 
thanks  to  which  will  be  ensureu  equality  Q2  = Q?. 

i 

Slave/servo  type  s y nchL on i zor s.  vore  advanceed  is  the 
synchronisation  with  the  aid  ol  tit  hydraulic  slave/servo 
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differential  attachment,  which  consists  of  two  connected  w i*  h the 
stock/rods  actuating  cy  linders  of  tacks  1 and  2 and  of  qea  r 4, 
connected  througa  1-v-  r b .i*n  * he  plunger  of  distribution  valve  1 
(Fig.  82a). 

The  operating  principle  ot  synchronizer  is  based  on  the 
automatic  i ‘jistanco  con* loI  of  -he  expenditure  windows  of 
distr  ilution  valve  in  the  function  of  tne  leaf  of  actuating 
cylinder:,  realized  by  indicate,!  follower. 

Fol  piovidi:.  j i synchronism  or  motion,  the  distributor  mist  be 
executed  so  that  in  t • -•  m id- posit  ion  cf  plunger  would  be  provided  for 
necessary  n»qativ  ov  flap  (*  > h)  and  plunger  it  was  arra  nge/loca  ted 
symmetrically  relativ-  * > the  windows  cf  the  power  supply  of  *he 
right  cavities  of  actuitinq  cylinders. 


From  liagram  it  follows  tt  j»  a ,i  r i t j the  synchronous  piston 
stroke  of  cylinders  at  4 will  ;>»  turned  iroul.d  rs  axle/axis  in  the 
cons‘ant/i  r.variablr  poc.it  ior:  or  t lattc-r.  During  ‘he 
disagree  me  nt/mismat  ca  >f  the  v*  locitj.-t  of  cylinders,  caused  by  the 
changes  in  the  load  or  by  otic:  reason:,  the  rear  will  b° 
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additionally  Lo  moved  (tolled)  in  *■  h<j  rack  of  the  delayin'.}  cylinder, 
as  a result  lev<rr  6 will  turn  itself  around  axle/axis  5 and  will  move 
the  plunger  or  vulva  1 into  the  appropriate  side,  increasing  the 
friction  of  the  feel  line  of  the  liguil  of  leading  cylinder  and 
decreasing  the  friction  of  the  delaying  cylinder. 


Page  120. 

As  a result  of  the  proceeding  in  this  case  redistribution  of  the 
fluid  flow  rates  into  cylinders,  the  synchronism  will  be 
restore/reduceu . 


A similar  diagram  is  net  sensitive  to  volumetric  losses  and 
changes  in  t. he  load  or  cylinders  and  friction,  cr  it  differs  in  terms 
of  the  high  accuracv/precisior  of  synchronization  in 
disp lacemont/movome nt  t nd  piston  speed  of  cylinders. 
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diagram  with  supplementary  mechanical  ccnn:ction  of  their  stock/rods 
througl  gear  i,  r.ici's  l and  4,  connected  with  the  pistons  of  the 
correspor  ling  cylinders  ( E ig.  Bsb)  . This  diagram  corresponds  * o the 
case  of  t'n°  par  alio]  i rr angome nt /permutation  of  friction.  During  the 
matched  motion  of  t iv.  stock/rods,  goal  3 will  be  turned  around  its 
fixed  axis  without  load.  During  r <-  liragr  eement/mismat  ch  of  speeds, 
caused  by  change,  for  ••xaaple,  the  loads  ct  any  out  of  cylinders, 
part  of  the  thrust,  1- v .-loped  with,  the  un.i.  Llcaded 

(ant  ici  pate/laa  ding)  cylinder,  will  be  transfeno  1 through  the  gear  3 
and  corresp  >ndin  j i ic h s (2  or  4)  cn  t h*  stcck/tci  of  ‘he  delaying 
cylinder,  being  ailed  to  the  force,  developed  with  the  piston  of  this  i 
cy lindeL . 


Gear  3 in  this  ri ijram  is  the  mechanical  compensator  or  the 
difference  in  the  loads  of  cylinders,  and  its 

commu  n icat  nn/conn  ecti  oi  with  Lacks  replaces  the  adjustable  resistor 
of  the  examined  floating  plunger. 

From  * ho  given  diagram  it  follow: 


iPJ1-Fi)-(P,U-F2)=^-, 
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wbf'r?  t , , f , , \.2  and  i?  - r<-s|  ectively  pressure  in  cylinders  and 
their  area ; M and  r it  follows  rorque/wcau-nt  on  gear  and  its  radius. 

Under  condition  pt  = p2  ar.d  f j = r?#  wc  nave 


Cor.seguent  ly , tao  transferred  through  this  rack-  gear  mechanism 
calculated  ton;  ib/n  ):;i  nt  is  caused  ly  the  difference  in  the  loads  ot 
cylinders.  In  accor  lance  vit  h ti.  is,  the  racn-a  rid- pinion  gear  n.  ust  he 

designed  tor  strength  taking  into  lccount  the  forces,  caused  by  the 
possible  lisagroem ont/m is ma tch  cl  the  leal  cf  cylinders.  For  example 
durinj  tie  posr.inl  ; (assigned)  **>o/o-  ncmina]  load  variation  rack 
mechanism  must,  bo  designed  tor  force  O.ibF,  where  F - pui  are  designed 
the  calculated  nominal  fore-  of  cylinder  by  area  u>. 

for  the  synchronization  of  the  motion  ot  two  cylinders,  which 
move  rn  one  direction,  must  be  applied  supplementary  (idle)  gear. 
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Equipment/devices  lor  t h e automatic  discharging  of  the  uncontrolled 
pumps. 

In  the  hydraulic  systems  wifi  the  occasional  consumption  of 
liquid,  equipped  wit  n ’■lie  purnj  ot  constant  teed,  are  applied  * he 
equ ipmcnt/dov ices  (automatic  machines  ot  discharging)  for  the 
automatic:  d ischar  j i no  of  pump  by  means  cf  -he  translation/conversion 
of  pump  upon  achieving  the  assigned  pressure  into  the  mo  i e/cond  it  io  n, 
cf  idling. 

The  application/use  of  these  automatic  machines  provides  for  the 
presence  in  the  Hydraulic  system  ol  the  gas-h y araul ic  storage 
hatter  y/accu  mulatot  (see  page  131),  which  in  the  operating  cycles  o 
pump  under  the  conditions  or  idling  compensates  for  (it  completes) 
hydraulic  slip  in  r.ydraulic  system,  and  also  it  supplies  by  li  quid 
users  with  small  flow  rate.  After  -he  pressure  in  stora jo 
batter y/accu mulato r as  a result  of  the  consumption  of  liquid  is 
loweren  to  the  established/installed  minimum  value,  automatic  machine 
again  switches  on  pump  for  the  recharging  ot  storage 
fcatt  or  y/acc  j mu  1 at  o i , after  disconnecting  it.  from  tank. 
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The  liagram  at  a similar  action  or  direct  automatic  machine  is 
represented  in  Kij.  rfia.  Liquid  from  pump  enters  chamber  a ani  on 
conduit/mani  fold  1 tnrough  choc!  valve  & into  ccnd  uit/mari  fold 
(channel)  B proceeds  to  storage  ba  tt°i  y/accumulator  9.  Then  through 
cond uit/ma r if old  7 i-  proceeds  to  eist  cn  8 , spring-loaded  u. 


I 


With  a pressure  increase  in  storage  butt  or y/accumu lat or  9 to  the  j 
rated  valu*  at  which  is  adjusted  spring  a,  piston  S is  moved  to  the 
left  (Kij.  83b)  and  by  it;,  push  rod  3 (sen  Fig-  81a)  it  displaces 
ball  bearing  check  valve  2 (detaching  it  away  from  seat /socket ) . In 
this  case , the  pump  will  a»  connected  witn  the  channel,  connected 
with  tank,  ani  consequently  pressure  at  output/yield  from  pump 
(forcing)  will  be  love  rod  virtually  to  zero.  Storage 

battery/accumuldtor  ir.  this  case  is  ietached  from  tank  with  the  aid 
ol  check  valve  6. 

?ist or  r>  and  valve  2 ♦ hey  will  be  located  in  the  position,  which 
corresponds  *o  the  work  of  pump  in  the  mol '/conditions  of  zero 
pressure,  thus  far  pressures  ir.  storage  b a t ter  y/accu  mu  1 at  or  is  a 
result  u:  * he  consumption  or  liquid  is  not  lowered  to  the  value  at 
which  sprin  j 4 will  be  able  to  move  piston  5 tc  the  riuht;  ba 1 1 
bearing  check  vulv  a 2 in  tl  is  cast  will  si*-  lovn  into  its  soat/socket  j 


and  will  cut  off  the  line  of  p un  p lion  the  line  of  tank. 


Tie  calculation  of  this  automatic  machine  is  made  through  the 
following  liagram  (by  friction  cf  movable  pjrtE  and  hydraulic 
friction  w~»  disregard)  . To  the  rorce  ct  the  pressure  of  liuuid  on 
piston  r>  in  the  work  of  Dump  ii  the  mode/cond  it  ions  of  sat.tery 
charging  (before  ;i  iscover y/epening  checx  valve  2)  counteracts  the 
force  of  spring  4 and  the  force  of  pressure  of  liquid  on  valve  2 


PanF  = pJ+P„p=~dipH  + Pl 


cr 


Pnp  = Pa<F  - pj  = A*  4’  - P»  ¥ = T (P°*Di  - «**>• 


where  pUK 


- the  pressure  of  liquid  in  storage 


- the 


J 


tattery/accunulator ; f 


it  D ? / 4 


piston  clearance; 


P, 
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press  ur  • o;  liuuii  in  pump;  f = *d2/4  - the  area  of  the  passage 
openi  n j,  overlapped  hy  valve;  - the  rorce  of  the 

precoaipresr.ion  ol  spring. 


Faye  1 22. 


The  pressure  liquids  at  which  valve  2 will  he  unearthed. 


Pa*  — Ph^  f i 


_ 4Pnp 

Pu*  — P«  52  n fpi  _ (J2)  i 


whe  e D and  d will  he  unearthed  the  diameters  cf  piston  and 
openi  ny/apert  are,  overlapped  ly  ba  11/spnere. 
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After  t ho  ope n iii  j of 


it  are  equalized,  i.e.,  pj  ***  0,  and  consequently,  equilibrium 
condition  will  take  the  form  of  PPmn  — Pnp-  In  accordance  with  this 
the  pressure  of  liquid  in  the  storage  fcattery/accumulator  with  which 

the  valve  will  be  closed, 
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by  corresponding  selection  of  diameters  D and  a an!  oi  the 


force  of 

t he 

spring  of  auiia 

it  is  possible  to  obtain  t 

he 

rt-  gu  ir  ed 

interval 

of 

pressures,  which 

determines  toe quo/ moments 

it 

began 

openi ngs 

and 

the  cl esu res  oi 

check  valve  2. 

With  the  1 a r 9 e fe-'ds  also  of  pressures,  that  d*'ter  min  es 
torque/ moments  it  began  openings  and  the  closures  of  check  valve  2. 

Ir.  large  feeds  and  pressures,  are  applied  two-stage  relief 
mechanisms  {automatic  Machines).  I a these  •-*  guiptrrnt/devices  (Fig. 

83c)  storage  batter //accumulator  2 connect  with  the  piston  chamber  b 
of  pilot  valve  1 of  first  stage.  The  small  pistcn  of  this  valve  upon 
reach  it.g  of  the  maximum  pressun  compresses  spring  1,  it  steps  down 
(Fig.  83d)  and  it  connects  the  line  of  storage  tat*  er  y/acc  umul  at.or 
with  channel  c,  which  drive  into  the  cavi*v  of  dump  piston  4 (Fig. 
83c) . The  latter  under  the  effect  of  pressure  of  liquid  is  moved  to 
the  left  and  its  lowel  it  oper./discloses  hall  hearing  check  valve  f> , 
after  connecting  the  line  oi  pump  with  tank. 

Because  of  the  fact  t ha*  past  rotary-plunger  valve  3 passes 
small  amount,  or  liquid,  required  tor  the  lift  of  lump  piston  4,  the 
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diameter  o:  i ‘it  seat/.iod'ft  or  this  valve  (an  1 th j force  or  spring  1) 

usually  moderate  ( 1 — o hit)  . 

The  pressures  at  which  occurs  opening  (paK)  and  of  the  (p„K) 
of  relief  valve,  depend  on  the  stiffness  coefficient  of  spring  1 and 
of  the  degree  of  its  compression  withii  the  Units  of  the 
displacement  of  valvo  1 to  value  h irom  the  aowr.hand  position  in 
which  the  cavity  or  dump  piston  4 is  connected  through  channel  a wi*h 
tank  (cig„  n 3 1)  , at  the  overhead  position,  in  which  this  cavity  is 
connected  with  storage  patter y/accumulator  (see  Fig.  83c). 

The  pressure  of  the  />««  of  the  power  supply  of  the  storage 

tatt  ery/nccu  mul  at.o  r w i n which  piston  4 is  located  in  down  ha  n 1 
position  (check  valve  h is  enclosed) , will  he  determined  by  the 
precompression  oi  spring  1 (pies sure  in  drainage  line  we  disregard): 
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spring  1 - 

The  pressure  or  which  corr«-sponjs  tc  the  torpip/jiompii*.  or 

the  t rans lat i on/con version  of  pump  into  the  mode/cond  i t ions  of  idling 
(in  this  case  channel  c is  connected  with  storage 
fcattery/accumulator) , 

Pnp  max  = fpuK  = Cx  + Ch  = C(X  + h)\ 

_ _ c (x  + A) 

PoK  ^ » 


where  Pnp max  is  connected  the  maximum  force  of  compression  of 

spring  1;  C arid  x are  a stiffness  coefficient  of  spring  and  its 
preliminary  (assembling)  compression,  which  corresponds  to  the 
down  hand  position  of  valve  ) ; 1 - su npleme n ta r y compression  of  spring 

1 during  valve  iift  i at  the  position  'ey  which  channel  c it  will  he 
connected  with  : tor  a g ha  e 1 cr  y/accu  mula  tor . 
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In  accot  iinc>-  with  *■  li  i ; 


Pm  * + A ‘ 


Etfort/force  p5  spring  r>  depends  on  the  maximum  pressure  of 
Pi w in  storage  batt-.r  y/accum ulat or  (pressure  cf  gutter  wo 
disregard) , the  piston  clearance  U , of  roict  P7  spring  7,  wnich 
presses  valve  t>  to  saddle,  and  the  area  of  its  saddla  f w i * h a 
diameter  of  d: 


Pt  — Pouf  4 Pj  — Patif  »• 
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The  minimum  pf  fort/f  or  oe  ot  tiris  spring  must  he  so  that  would  he 
provided  for  the  overcoming  of  the  frictional  forces  of  piston  4. 


Piston  stroko  4 roust  be  sufficient  f cr  providing  required  valv* 


opening  t>. 


Pressure  re-lay. 


Prt'ssurf  relay  is  applied  in  elect  r oh  ydra  ulic  automatic  control 
for  the  transmissions  of  the  control  signals  at  a distance. 

Momen tum/i mpulse/pulses  fot  t:  f function  ot  relay  serves  a pressure 
increas*  in  its  circuit.  This  pressure  is  converted  into  * he 
rectilinear  or  angular  displacements  o£  spring- loaded  of  plunger  or 
d ia ph rag m/ mero brane , as  a result  of  which  they  are  closed  or  they  arc 
broken  olectiic  cor  tacts  depending  on  their  i esiqnat ion/ru rpose. 


simplest  of  th  relay  ,n  c the  el  ectrch  ydr  tul  ic  disconnection 
switches  (fig.  Bw)  , desig nat ion/pur pose  of  which  is  the 
closing/;,  nor  * i rg  and  Lreakinq  of  signal  el<ctric.al  circuit.  Figure 
H4a  disconnection  .'.witch  lepict.s  i r,  the  situation,  when  piston  4 


DOC 


771 10104 


P AO  r 


under  the  action  or  the  ?f  t ort/iorc*-  a i soring  1 is  drowned  and 
electric  contact:;  1 ► y r. -ne>'.l.  During  arili^d  pressure  increase  to  the 
value  by  which  is  ovorcomed  the  et t ort /force  ot  spring  1,  the  latter 
is  compressed,  and  ; :..tci.  4 through  spr irig-cppcsed  pusher  2 closes 
electric  contacts  1 (Fig.  441;)  . 


For  providing  an  a ir  t i ght  i .so , ii;  applied  hv  the  pressure  relay 
of  meml  rane/diaphra  gm  type  (Fi;.  <ur).  7h>-  pressure  of  liquid  acts  on 

spring- loaded  2 rl-xi.L*-  dia’ur  i ja./n.emi  races  1,  with 
sagyi  ng/de  fleet  ion  >f  wnich  it  , it  ^nto  action  through  the  pusher  1 
electric  switch  4 ccn*rol  circuit.,. 


Similar  relays  u e 1 ischa  r g e<i  for  a fressure  to  200  kgf/cm?  and 
above.  T hr  insensitivity  of  relay  (the  pressure  differential  of 
ccnnectiori/incl  usion  and  the  disconnection)  Impends  on  operating 
pressure  and  usually  at  pressure  200  kgf/cmz  decs  not  exceed  10 

kg  f/c  it2 . 
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Is  applied  also  the  pressure  relay  of  piston  tynos,  whereupon 
them  frequently  they  rombire  with  safety  valve.  Fiqure  «r>a  qives 
schematic  of  one  of  th  > pistor;  relay.  Liquid  under  pressure  proceeds 
to  channel  a and,  in  passing  by  the  throttle,  which  consists  of  the 
packaqt  of  washers  1,  it  proceeds  - o str  ing- loade  i to  [lunger  2. 
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spring  1 wi  ings  out  pistor.  2 to  th-  richt,  as  a result  the  electric 
switch  closes  the  circuit  cf  other  contacts  {Fig.  8 5b)  . 

Timing  r^lay. 

In  many  nydraulic  systems  it  finis  relaying  (valve)  of  delay. 

Valve  of  delay  (timing  relay)  - the  distributive  apparatus, 
intended  for  the  connect i cn/inc lusi on  of  the  flew  of  the  working 
fluid  through  the  determined  time  interval  after  the  achievement  of 
tne  est  a il  is  hod/ir.st  a lied  pressure  in  the  supplyinq  hydraulic  lines. 
Kith  the  ail  of  tnis  relay  are  rea  1 ize/accompl  ished  t h :■  adjustable 
delay  between  by  two  following  each  other  phases  of  the  motion  of 
performing  aggre gato/units  cr  the  controlled  delay  of  certain  tine 
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interval  of  any  signal. 
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T h e ass  ig  nod  r ««  interval  of  * ho  holding  time  of  relay  is 
determined  by  opening  time  by  the  liquid  cf  the  special  cylinder 

(tank)  whose  piston  in  t nd  position  afi>c*s  tie  appropriate  valve  (or 
to  the  disconnection  switch  of  the  circuit  ct  solenoid  tap/crane),  or 
by  time  of  the  escape  of  liquid  from  cylinder  (by  time  of  the 
overflowing  through  the  thr  ct  t le/cl.ok  e cf  liquid  of  one  tank  into 
an ot her ) . 

The  schematic  of  the  timing  r lay,  in  which  the  delay  is 
determined  by  time  ol  the  disf  Idceinon*  by  the  piston  of  liquid  from 

cylinder  lurinq  a 1 1 • *r na t any/ va r i ah le  piston  stroke  and  fixed 
resistor,  is  riojicted  in  Fiq.  86a.  The  positicr  or  plunger  2 relays 
here  corresponds  to  execution  i y * is-  hydraulic  engine  of  working 
operation.  In  this  posi  - ior  tin.  cavity  cf  cylinder  with  4 relays  is 
connected  through  plunqer  2 with  the  working  line  of  hydraulic 
system,  and  piston  5 it  steps  r.ovn  to  fixing  screw  7,  which  limits 
its  course. 

At  t h <■  termination  of  working  operation,  the  pressure  in  the 
working  line  of  hydraulic  system  is  raised,  as  a result  plunqer  2 
under  the  effect  of  pressure  of  liquid  cr.  plunger  d will  move,  after 
the  eftort/force  ot  spring  1,  to  the  left  (Fig.  86b)  and 


ovetcomir;  j 
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will  cor  nect  the  cavity  or  cry  1 i n »i  * -r  4 with  t ink.  After  this  piston  5 
under  sprit  j effect  6 will  roov*-  down,  displacing  liguid  into  tar.k. 

Time  oi  the-  displacement  or  piston  3 or  the  overhead  position  in 
lower  changes  with  the  control  of  the  length  of  screw/pLopeller  7 and 
with  the  resistance,  estafclishe-'i/ir.s*a 1 led  cn  cutput/yield  from 
cylinder  4.  At  the  end  of  the  piston  stroke,  5,  affecting  the  limit 

switen  (or  to  the  valve  of  changeover),  realize/accomplishes  a 
disconnection  or  a reverse  of  system. 


Figure  8oc  shows  the  schematic  of  relay,  in  which  the  holding 
time  is  determined  by  the  ccnticl  or  throttle/choice  3 with  constant 
piston  stroke  3. 
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Lockin']  (if  Vt-rue/invoiSf-)  va  ] ves  . 


Roverse/in vjro  i valve  fulfills  in  hydraulic  system  the  same 
functions,  as  the  rectifier  in  electrical  circuit,  passes  ir  the 
absence  of  the  extraneous  control  prassur®  fluid  flow  only  in  one 
direction.  In  the  presence  ot  tnis  effect,  the  valve  passes  flow  ir 
both  directions. 

Check  valve  (Fig.  n7)  is  structurally  similar  protective  (see 
Fig.  f>2)  , with  by  that  only  difference,  that  in  it  are  applied  the 
uncontrolled  springs  with  a small  ef foi t/i orce,  sufficient  for 
reliable  lan  ding/f  it .t.  i r.g  ja  to.  in  s-a  t/sccket. 

Are  common  valves  with  ball  bearing  (Fij.  87a)  and  conical  ( F i ? • 
87b)  jates. 

■ 

_ \ 

Valves  with  conical  gate  possess  nior’  high  speed  operation,  than 
tali  hearing.  The  triggering  tine  of  valves  vai  ies  depending  or. 

size/dimensions  and  the  construction  frem  0.1  to  10  ms. 


J 


I 
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1 n autOD.at  ic  hydraulic  equipment  are  applied  also  the  cor. trolled 
chpck  vuIvp:;  (with  (overnina  external  agency).  The  valve  of  this  typo 

(Fiy.  37c)  ensures  fr?o  passage  of  liquid  in  ore  direction,  in 
opposite  direction  passage  is  ensured  ly  positive  opening  aate  1 with 
the  aid  or  the  pusher  >f  2 pistons  i.  For  this,  the  liquid  from 
governing  apparatus  is  supplied  through  channel  a under  piston  1. 

Hydraulic;  locks. 

Hydraulic  lock  is  the  distributive  hyiraulc  apparatus,  intended 
for  the  automatic  closing  or  liquid  in  t.h>v  cavities  of  hydraulic 
engine  for  the  tar g et/ pu rpose  of  the  fixing  of  the  piston  of 
actuating  cylinder  in  the  assigned  positions,  schematic  diagram  of 
cne  or  then  is  depicted  on  Fig.  86a.  Tr  the  housing  of  lock  1,  are 
placed  two  reverse/ inv erse  (locking)  ball  valve  2 anl  4,  between 
which  is  placed  floating  small  (iston  d.  Liguid  from  distributor 
proceeds  to  the  lock  through  channels  a and  b and  from  lock  actuating 
cylinder  5 through  channels  c:  and  d. 
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During  t ho  supply  ot  liquid  to  channel  a (Fij.  Hha)  blows  away 
left  check  v a 1 v * 2.,  »n  o tin"  liquid  past  channel  d passes  into  the 
left  cavity  ot  actuiting  cylinder  c>.  In  this  case,  by  the  pressure  of 
liquid  small  paston  i is  lisplaced  and  breans  away  to  the  right  and 

opens  the  ti  jnt  cut-oi £ valve  a,  ensuring  the  passage  ot  t h®  liquid, 
a bst r act/r emovod  from  channel  c,  connected  with  the  nonoperative 

(left)  cavity  of  actuating  cylinder  S,  into  channel  b and  further  to 


distr ib utor. 


I 
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During  the  supplying  ot  liquid  from  iistributor  into  channel  b 
(with  i t*Vfu;()  loc  ►,  we  \ r/operu  t es  analogously,  tar  in  opposite 
direction. 


Ir.  such  a case,  when  the  circulations  ct  liquid  does  not  occur 
(which  corresponds  to  the  mid-position  of  5 istr  ibutor  in  Fig.  88b)  , 
check  valves  2 and  4 cut  oft  liquid  in  the  cavities  of  actuating 
cylinder  S , fixing  its  piston  and  holding  its  lead  in  the  assigned 
posit  ion. 


Disco nnectab 1"  cou p li n g . 


In  the  hydraulic  apparatuses  which  undergo  frequent  d isassembly , 
usually  are  applied  the  equips  nt/de vices,  which  prevent  in  this  case 

the  discharge  ol  ligui  1.  As  such  «-q  uipment /devices  serve  the  special 

disconnectaule  coupling  in  which  with  the  dissociation  of 

cond u it/mani fol J cut-off  valve:  automatically  overlap  flow  areas. 


Schematic  of  the  simplest  disconnect* Lie  clutch  with  the  ball 
tearing  gates  (valves)  ot  represented  in  Fig.  89.  In  the  installed 
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forn.  (?ij.  3 0 a)  of  part  1 and  4,  connected  utn  tho  ends  of  *he 
diconnocted  con  aui  t/tna  ni  £o  Ids,  .»r<  t iqntem- a by  a iapter  nut  3.  ir. 
this  ci  s*‘,  ball  bearing  jat>s  i.  an  i r>  com  into  conMct  friend  w i * h 
other  and,  wringing  out  from  their  saddle.-;,  is  formed  pass  a ip  toi  a 
liquid. 


With  tue  screw  in  1 of  adapter  nut,  parts  1 at:  i 4 will  move  away 
froir.  each  other,  aril  ball  hearings  t c*-  y ar-  set  under  the 
e£  tor  t/force  >f  sprir.js  6 at.i  7 ir.  to  * heir  saddles,  air  tig  ht  ly 
overlapping  cor.  du  i t /itia  n i Co  1 Is  (Fig.  -T-ti). 


Valve:-,  of  the  stait  oi  e e r go ;.c y sy.e<>;  . 


in  many  instance:,  is  required  to  ensure  the  luplicating 
(enter  jency)  supply  hydraulic  erqine  witn  the  failure  of  *n<'  system 
of  the  basic  supply. 


Figure  90a  and  h shows  the  schematic  of  the  swi*ch  (shuttle 
valve)  of  a similar  designatior./putpose  with  the  b^ing  broken  join*. 
Switch  is  intended  for  automatic  connection  of  user  to  basic  -a  01 


r 
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d o u b 1 i m o b to  hydraulic  ayatpn  upon  starting  ot  oiih  of  them.  Figure 
90a  shows  the  work  of  the  basic  system,  Fid.  90b  - the  work  of  the 
duplicatin'.)  system. 
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For  the  fixing  of  the  position  o:  shuttle  and  elimination  of 
false  response,  are  applies  different  fix'  rs.  In  the  schematic  of  the 
switcn,  presented  in  F iy.  90,  t he  fixing  o*  piston  *>  is 
realize/accomplished  with  the  aid  of  1 piny  sroken  joint  9,  1 oi  i«d 
through  piston  1 by  spring  8.  Thr  kinematics  of  this  -join*-  is  such, 
which  for  tr<-  displacement  cf  t.nc  ,iston  5,  of  the  carrier  f La r /y  1 a r:e 
rocking  vilvos  l and  6,  of  ore.  positior  opposite  will  be 

required  to  move*  up  war  1 piston  1,  what  impales  spring  8.  This  spring 
presses  also  throujh  join*  4 yat^  ,!  to  appropriate  seat/socket  7 or  1 
housings,  ensuring  the  preliminary  snal  ing/pre-ssurization  of  valve, 
which  after  will  appear  the  pressure  of  liquid,  is  raised  because  of 
the  unbalanced  effort/forco  oi  this  pressure  on  piston  c>. 

hydraulic:  vol:jvft?ic  covvkrtfrd. 

In  the  practice  of  ap  i 1 ica  * ior/uso  of  hydraulic  drive. 
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ccnveu  pressures 
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■►nt  necessity  tor 
or  flow  rates.  Simi 


draulic  convertors. 


*■  h e 
la  r 


<_  q ui  p men  t/Je  vices 
e q ui  pment/devi ces 
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In  *he  general  case  hydraulic  transformer  is  called  the 
volumetric  nydraulic  machine,  intended  for  the  energy  conversion  of 
one  flow  of  working  fluid  into  the  energy  of  flew  with  other  values 
cf  pressure  ana  flow  rate,  in  this  case,  they  distinguish: 

the  direct-acting  hydraulic  transformer,  comprised  of  two 
hydraulic  cylinders  of  the  different  diameters  whose  pistons  a re 
strictly  connected  between  themselves; 

the  rotary  hydraulic  transformer,  comprised  of  hydraulic  motor 
and  pump  with  th-  different  working  volumes  whose  sr.afts  it  is  strict 
the  connection  between  themselves. 

The  schematic  diagram  of  the  direct-acting  hydraulic  transformer 

of  the  single  action,  which  raises  pressure,  is  given  in  Fig.  91a. 
Pressure  pt  applied  liquid  acts  on  piston  clearance 
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The  factor  or  amplification  ot  the  pressure  nearth  hy  which 
understands  the  ratio  ot  cutlet  pressure  to  input,  is  aqual 
(neglecting  friction) 


where  1'j  and  Uj  are  an  area  and  the  diameter  ot  the  section  of  piston 
(cylinder)  F z and  b?  is  an  art  a and  the  diameter  of  stock/ rod’s 
sectioi  ; p,  and  p2  is  in  input  ano  outlet  pressure  of  liquid. 


Figure  91b  jives  the  schematic  of  the  converter  with 
differential  piston  with  the  aiu  of  which  it  is  possible  to  obtain 
the  required  lor  high  pressures  small  effective  area  during  the 
simultaneous  provision  for  hardness  md  structural  strength  of 
converter.  In  this  case 


where  d is  a diameter  of  stock/rod’s  shank. 
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For  the  elimiiiiition  ot  the  idling  which  have  in  the  hydraulic 
transformers  of  single  action,  art  applied  the  hydraulic  transformers 
of  dual  (continuous)  action  (fig-  72). 


The  supply  of  low-pressur(  cavities  p,  is  realize/accompl ished 

by  the  distribution  valve  (Fig.  92  shows),  given  with  the  piston  of 
converter  at  the  end  of  its  each  of  courses. 


During  the  supplying  ot  liquid  under  pressure  pj  the 
t of  cylinder,  it  simultaneously  will  enter  through  check 
left  plunger  cavity  a,  as  a result  piston  4 will  be  moved 
right  under  the  action  of  this  pressure  of  liquid  both  on 
and  or.  plunger  .1,  developing  ctfort/force 


left  cavity 
valve  2 the 
to  t he 
the  piston 


Pi 


n(D\-Dl)  nD* 


Pi 


Pi  = 


Pi- 


4 


4 


nD? 

4 
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. Liquid  under  the  high  [resrui  ■ p?  will  be  displaced  wif h piston 
stroke  4 to  the  right  0y  plunger  (■  tock/roi)  5 through  check  valve  7 
and  to  user.  check  valve  0 ov<  rlaps  in  this  case  its  passage  into  the 
right  cavity  oh  cylinder,  which  it.  this  case  is  connected  through  the 
distributor  with  the  line  of  gutter,  while  check  valve  1 overlaps  its 
passage  it-  the  left  piston  and  rod  cavity  01  cylinder. 


Amplification  factor  will  be  determine d treat  equality 


nD 


uDj 


1 J,^2  Pj 

— P»  = — P«:  1 = p7 


a nu 


Pa  — Pi 


_L 

D9 


Durinj  the  supplying  of  liquid  under  pressure  p,  into  the  right 
cavity  b of  cylinder,  “he  process  will  flow/last  in  reverse  order. 


Converters  of  this  type  are  manufactured  on  productivity  to  110 
1/min,  coefficient  i of  the  intensification  of  pressure  transducer  it 
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Converters,  which  reduce  pressure. 

Apply  also  the  converters.,  which  reduce  pressure  ind  raise  under 
otherwise  equal  conditions  fluid  flow  rate. 

Their  application/use  fron.  the  viewpoint  o£  energy  losses 
frequently  is  more  rational  than  the  a ppl icat icn/use  of  the  reducing 
reducer  (see  □,  103).  Thj  schematic  of  a similar  converter  is 
represented  in  Fig.  93a.  Converter  consists  of  two  twin  cyliniers  1 
and  r>  different  sections  wit!  c cmnion/ger.e  r a 1/total  differencial 
piston  ft.  Liquid  under  high  pressure  will  Le  fed  from  hydraulic 
system  into  the  cylinder  or  1 snail  section  and  is  displaced  into  the 
main  line  of  the  user  of  low-pressure  liquid  of  the  cylinder  of  5 
larqe  cross  section. 

For  the  return  of  pistons  at  startin']  position  after  the 
cessation  of  the  supply  of  cylinder  1 (with  p = 0)  is  applied  spring 

4. 
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5^ 


re  la t ionoh ip/rat io  (friction  a no  force  spr  inj  4 ye  disregard) 
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close!  main  lin-,  com.  dcted  with  civit  y ot  cylinder  6 largo  cross 
sect  101  , in  thy  schematic  in  question  is  applied  hall  valve  2,  wnict 
at  the  end  of  tne  stroi\.e  of  piston  to  the  left  is  wrung  out  by  dowel 
3 tioit  its  saudle  and  opens  th«  passage  of  liquid  from  niqh-pres.sun3 
main  line.  ; x in  the  puantity  recessary  tor  the  completion  of 
leaka  jcs. 

Page  1 J 1 . 

However,  as  soon  as  pressur-  in  the  cavity  of  the  cylinder  of  5 
large  cross  section  in  this  case  will  be  raised  to  the  value,  which 

exceo  Is  computed  value,  the  eg  u i li  n t iu  rr  condition  of  piston  [see 
g x p r r o.'s  ion  (u7)  ] w i 1 L b *-*  iisrujt  od  , and  it  will  h“  displaced  *o  the 
right  on  s iz^/d  i.#ens  ion,  that  makes  it  possible  for  valve  2 to  sit 
down  into  its  sea  t /soc  -t . 
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Figure  93b  dhows  tht  schematic  ot  the  rotary  a x i a 1 1 y - pist  o n 
converter  (hydraulic  converter),  wh let  is  of  two  connected  wi*h 
shafts  machines  1 and  2 different  wording  volumes.  When  using  machine 
1 as  hydraulic  motor  the  calculated  feed  (leakages  we  disregard)  of 
rump  2 will  exceed  the  expenditure  of  hydraulic  motor  in 


‘'  = ^f  = |-Pa3  Qt  = iQu 


where  n2  = Ti x = a - the  frequency  of  the  rotation  of  the  shafts  of 
hydraulic  machines;  j ? - mi ?2/ 4 iph?  and  q,  = wd2i/4  z,h,  - the 
workinq  volumes  oi  machine  2 (pump)  and  machine  1 (hydraulic  motor)  ; 
d,  and  D2;  h,  and  u 2 ; z t and  7 2 - the  diameters,  power  stroxe  and  the 
number  of  pistons  respectively  of  machines  1 and  2;  q2  and  0 i - the 
calculated  feeds  or  machines. 


The  design  pressure  or  machine  2 (pump)  under  the  condition  of 
the  equality  of  th«  power  ci  machines  lov>-r  than  the  pressure  p,  the 
supply  of  machine  1 (hydraulic  motor)  is  determined  by 
relat ionsh ip/ratio  (mechanical  losses  we  uisreqard). 
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(pump) 


a pressure 
the  power 


PAOh 


using  machine  2 as  nydraulic  motor,  feed  o j machine  1 
less  than  the  ox penu i* ur^  Q?  hydraulic  motor 


times , 


Pi  machine  1 (pump)  under  the  condition  of  the  equality  of 
t machines  mere  pressure  p?  machine  2 (hydraulic  motor) 


t i mes . 
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HYDRAULIC  ACCUMULATORS. 


hydraulic  accumulator  - 1 1: ouuipmunt. /de  vice,  xhic'i  ser v ?s  for 
the  accumulation  of  working  fluid,  which  is  located  under 
overpressure,  that  )bt  tins  and  jiving  up  working  f 1 ui  1 only 
alter  na  to  1 y . 


During  t ? a ppl  i c -a 1 ior/u^c  of  storage  ba  1 1 er  y /accu  mu  1 a*  or  s,  is 
represented  possibl  1 to  lower  because  of  * ho  accumulation  of 
hydraulic  power  ia  dwelling  periods  in  consumption  witn  its 
perfortring  aggregate/un  its  of  hydraulic  systems  the  lift  inn  power  up 
to  average  newer  of  the  users  of  hydraulic  power  or  to  ensure  in 
systems  witn  tne  occasional  action  of  users  interruptions  (pauses)  on 
the  work  of  pump  under  load. 

Since  the  energy,  accumulated  in  storago  battery/acoumulator , 
can  be  returned  (storage  ba t ter y/accumu lator  can  be  discharged)  into 
short  time,  storage  Da  t t.e  Ly  /accu  mu  lator  can  3 hor‘ -ter m develop  large 
power.  Therefore  the  application/use  of  storage  batt er y /a ecu mu lators 
especially  is  rational  in  hydraulic  systems  with  the  large  peaks  of 
fluid  flow  rat;1  whos  values  i r.  certain  cases  considerably  exceed  t he 
average/moan  fluid  flow  rate.  Thus,  for  instance,  the  power, 
developed  with  hylraulic  engines  (actuating  cylinders),  f re*gu<-  ntly  it 


exceeds  during  tna  apt>  1 i cat  ion/use  of  i storage  ba  t ter  y /a  ccumu  lat  or 
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Fig.  ^4  . Diagram  of  f r.  appl  ica*  ion/'ir  e of  a ja.o-hy  drasi  li  c storage 
fcatt^r y/accumuldto i. 
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the  installer!  power  of  pump  15-20  tiiims. 

Stoiaq'1  baft  -*r  y/accumulaf  or  frequently  is  applied  as  source  of 
the  emergency  service  of  the  s e para  t e/  i ri  1 i v iiu  a 1 b ranch  2 s of 
hydraulic  system  in  the  failur*  (or  disconnect  ion)  ot  the  basic 
(pump)  of  power  supply.  Specifically,  such  cases  include  the  power 
supply  of  tn » brakinj  system  of  airplanes  and  other  cargo  vehicles. 
The  applicat  ion/use  of  storage  ba 1 1 or y/accu mu  la  tors  has  special 
advantage  in  ‘he  case  when  is  required  prolonged  period  of  time  any 
sectior  of  hydraulic  system  to  maintain  on  by  pressure  (load)  in  the 
practical  ibs-nc3  in  it  of  fluid  flow  rate.  To  is  concealed  to  the 
cases  it  is  related,  for  example,  prolonged  holding  under  the 
pressure  of  the  moiled  parts  from  rubber  and  other  nonn at  a llic 
materials  during  their  vulcanization.  Tn  “-his  case,  the  distributor 
is  estall  ish/irista  1 led  in  *hf»  position  by  which  the  pump  is  detached 
from  systjm  ini  is  connect"!  wi*h  »-ank,  but  the  working  cavity  of 
actuating  cylinder  is  connected  wit!,  storage  battery/accumulator 
(Fig.  9U  . 

In  mach  in  e-bu  i 1 d i m ire  applied  gas  (pneumatic)  storage 
ba  tt  e r y/  lceum  ul  a tor  s and  thinr.*  t,  predominantly  in  small  pressures. 


spring 


DOC 


771 20100 


AGF. 


In  s|‘i  in  g 5»t  > t » j > bat  *■  'r  y/accu  mul  ator  (Fig*.  05)  pressure  p of 
liqui  i is  ere  a*  ed  by  the  rorce,  which  develops  with  elongation  (Fig. 
05a)  or  the  coin  pr  ission  (Fin.  0rb)  of  springs.  The  current  pr  ^ ssu  t < o 
will  op  1°  tor  ir>iap  1 f ion  the  expression  (friction  wo  disregard) 


P = 


where  of  the  Pnp  = C (h0  + h)  - the  force  of  the  redaction  (elongation) 
of  springs!  C is  a st  i f fn  es  s coefficient  of  springs,  ho  a r.  . h is  a 
preliminary  reduction  of  springs  and  their  reluct  ion  ir.  the  process 
of  charge  and  discharge  of  storage  ha t ter  y/acc uraula  t. or . 

Since  the  force  of  spring  depends  on  its  strain,  the  pressure  of 
liquid  in  this  storage  b attPry /accum J1 ator  depenis  on  the  degree  of 
its  lischarqe  (tnu  amount  of  liquid  in  the  cylinder  of  storage 
batt.  er y/acc u mu  1 at  o i ) . 
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Fig  . . Hydraulic  oiston  * y p<  • :.tora-je  bat  t er  y/accumu  lat  3i 


Fig.  )7  . Diaphcdjm  type  h y drop  nr  um  at  ic  storage  bat f er  y/acc  ul  ator  s. 
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In  high-pressure  hydraulics  (200-  300  :-;jf/cm?)  ar®  applied  the 


gas-h  ydraulic  st.or.17e  batter  y/accumu  lat  ors,  in  wnicii  the  accumulation 
anii  the  r^urn  of  <-■  ner  j y occurs  because  of  compression  and  ®«par.sior 
of  gas  (air  or  nitrogen). 


Gas-hydraulic  storage  ba  1 1 er  y/acc  u mu  la  to  r is  the  anrlosel 
container,  fillel  by  compressed  7 as  with  certain  initial  pressure  of 

the  Pm  of  char  ye. 
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During  the  supplying  into  this  container  of  liquid,  tne  volume  gas 
t he  chair  ber  deccsiSPi , in  conw  ijuoncp  of  which  the  ptiis|irn  of  gas  ii 

raised,  reaching  toward  the  end  of  the  charge  (filling)  oy  the  liquid 
of  Pmax*  The  amount  oj  subject  into  the  storage  battery/accumulator 
liquid  and  the  mean  pressure  of  gas  fox  an  isothermal  process 


Pcp^-Y'iPn  + P^) 


determines  the  supply  of  energy  (energy  cont ent)  , which  can  he  in  full 
or  ir.  [art  use  i with  the  discharge  of  storage  ha4-*  ery/accu  mu  lator . 

Ir  hue  storage  ba tter y/accu mu lat o r s,  used  in  * ho  hydraulic 
systems  of  machines,  the  liquid  and  gas  are  usually  divided  by  tin 
piston  or  other  means.  The  separation  of  liquid  and  gaseous  media 
removes  the  possibility  of  *he  dissolution  of  gas  in  liquid. 

Ir.  accordance  with  the  tyy-e  of  the  used  separator  of  media,  they 
distinguish  piston  (Fig.  9f)  and  diaphragm  (Fig.  97a  and  b)  storage 
battory/dccuirulator  3.  A def  ici  ency/lack  in  the  firs*  is  friction  of 
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ui  sto  n in  the  cylip  i n,  is  o ’ 1 s n i *■  of  which  is  created  hy  s’-,  eresis  in 

th<->  work  of  storage  bit  t pry/nccu  mu  la  tor . Losses  of  pressure  on  the 

overc  on-in j of  the  frictional  forct of  piston  reach  at  tns  nominal 

pressure  920  ky  f/cm*  usually  1 - 3-1  kgf/cns*.  A d«f  iciensy/lack  ir.  the 

nistor.  storage  ba  1 1 er  y/arcumul  a t or  s is  also  the  possibility  of 

(list  u r bance/bres  ktf  ow  r; , in  particular  ui.  ler  conditions 

low— t oin  nerat  ure , a i r t i jht.  ness  01.  t -«■•  landing  place  of  piston  111 

cy  liiuh.  r. 

rn  order  to  remove  + he  possibility  of  the  losses  of  gas  in  the 
discharged  piston  storage  batter  y/accu  r.ula  tor  and  the  inoperative 
hydraulic  system,  ic  applied  valv<-  a of  automat  ir  opening,  which  with 
the  arrival  of  piston  at  the  end  position,  which  corresponds  to  the 
discharged  storage  bat  t er  y/ac:cu  mulat  or,  overlaps  exit  (^xpor.di*.ure) 
open  i ng/a  nert  ur  e,  cut'ing  off  in  r i <-•  cylinder  of  storage 
batte ry/accum ul at  0 1 certain  amount  of  lrguid. 

These  deficiency/lacks  to  a considerable  degree  are  removed  in 
the  storage  bat *ar y/accumulators  in  which  * he  separation  of  media  is 
realized  with  the  ail  of  elastic  1 lbher  blanket.  They  m of  gas 
cylinder  (fig.  97a)  and  spherical  (Fig.  97b)  types. 


Sim:-*  in  jr  a jo  batter y/accu mu  la* or  with  diaphragm  the  pressure 
of  gas  is  transferred  virtually  directly  to  the  surface  of  liguid, 
the  latter  will  be  found  under  that  pressure,  as  jas.  Furthermore, 
since  the  resistance  to  d ef or ma * ion  of  diaphragms  is  insignificant, 
these  storage,  batt  > r y/uccu mula t ors  are  virtually  ir.ort  ia-fr^e. 


For  the  preservation  of  diaphragm  from  extrusion  into  the 
ope  r.  i ng/a  pe  r t ure  of  exit  branch  with  the  complete  discharge  of 
storage  bat tery/aocj mu lat or , it  is  supplied  with  thickening  (Fig. 

97b)  . In.  the  diagram,  presented  ii  Fig.  97a  foi  '■his  pirpose  is 
applied  th“  valve,  which  under  the  action  or  diaphragm  with  the 
com  pi  ate  discharge  at  storage  Latt  er  y/accu  :uul  ator  by  liguid  overlaps 
delivery  outlet  how  is  prevented  the  damage  of  diaphragm. 


r 
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Spherical  (spherical)  typ.  storage  bat  to  r y/accumu  1 at  ors  differ 
from  the  cylindrical  and  tho  gas  cylinder  in  terms  of  relative 
compactness  ail  i small  mass.  The  latter  is  cause!  by  tie  special 
feat.u  re/pocu  liarit  i es  of  spherical  fore  (surface  of  the  container  of 
spherical  form  is  less  with  the  same  volume,  than  the  surface  of  t no 
container  of  anotaer  f ire)  , and  also  fact  t na  t in  the  walls  of  tho 
container  of  spherical  form,  whicn  is  located  under  the  pressure  of 

liquid,  are  created  M<e  voltage/stresses  2 times  lower  thin  in  the 
riding-crons  of  cylinder  of  M. e same  diameter. 


Capacity  of  storage  bat.  t ory/accu  mu  lat  ors. 


In  the  calculations  of  gas-hy d ra u 1 ic  storage  batter y/accumulator 
by  the  basic  questions  are  the  determination  of  its  struct  ural /design 
(complete)  canacity  ol  V*  and  working  volume  fhe  y o f liquid 
hearth  by  which  is  understood  tie  volume  of  liquid,  displaced  by  gas 
from  storage  batter  y/accumulato  r in  Mm?  process  of  i*:s  complete 
discharge  with  decompression  ot  (as  in  the  assigned  ran  ja  (interval). 
The  product  of  working  volume  and  the  mean  pressure  of  jaa  in  ^his 
Pressure  range  defines  the  external  work  (energy)  of  storage 


batter y/acc urn  ula  t o i 
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From  Fig.  93  follows  for  an  isothermal  process 


F, 

Pa  — Pi  v > 


where  pi  aril  V , - initial  pressure  and  the  volume  of  gas  to  the 
filling  (charge)  >1  storage  batt  er  y/accumu  1 at  or  with  liquid  (F  ig. 
93a)  ; p?  anl  V ? ar«  fhe  stagnation  pressure  and  the  volum?  of  jas  a* 
the  end  ol  the  filling  (charge)  of  storig-  La tt er y/accuinu 1 at  or  by 

liquid  (Fig.  93b). 

Volume  gas  before  the  tilling  of  storage  batter y/accumula *01 
with  liquid  is  equal  +o  the  s*  r uct  ur  al /des  ign  capacity  of  the  t 

the  storage  batter  y/accumulator  of  (^1  = VK)  (Fig.  93a),  and  the 

working  volume  of  the  liquid  of  yn  is  equal  to  a change  in  the 

volume  of  jas  with  Mio  charge  (or  discharge)  of  the  storage 
bat tery/accu  mul at or : 


Af  tor  sub  s 1 1 1 ut  m j into  t !:  o 1 as  t/1  at  t ■?  r «>x  pr  jsnion  V?,  w»  will 
obta i n 


Tho  ln:>f/lattor  o xprossior  is  correct  un  l**r  t ho  -oniition  of  tn  » 
complete1  1 isp  la  c?rao  nt  of  liquid  from  s *or  a je  bat*  or  y/accum  ulat  or  with 
its  disc  hat  q«. 


Paye  135. 
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Ii!  practice  pressure  pt  is  arcop^i  to  call  the  initial 

(preliminary)  prossur  . of  the  charge  of  accumulator  by  gas  (without 
liquid)  and  to  designate  Pn>  pressure  p3  - by  the  maximum  operating 

pressure  at  the  end  of  the  charge  by  its  liquid  and  to  designate 

Pm  ■ 


In  accordance  with  this,  the  last/latter  expression  will  tike 


form 


'n  = VK[ 


1--M. 

Paul  / 


Virtually  th?  discharge  of  st  jrage  battery/accumulator  lo  not 
lead  to  complete  1 i ;pl acemo nt  liquids,  but  retain  in  it  certain 
supply  the  Vj  of  lijuii  {^ig.  98c),  necessary  for  providing  a 
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reliable  « or  fc  or  the  automation  of  the  st  art  of  pawn  tor  the 
recharging  of  storage  ba  1 1 er  y/accu  mu  la  t or , after  the  press  uro  as  a 
result  of  rltiii  flow  rate  is  lowered  to  the  minimum  working  value  of 
Pmin-  The  struct  ural/design  volume  of  storage  battery /accumulator 
in  this  case  is  utilize,]  not  completely;  storage  batt er y /accum ulator 
will  be  partially  filled  by  thf  ur.uroduced  volume  of  the  V,  of 
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the  s 


(49)  , 
when 


Taking  into  ic count  the  indicated 
e decreases  un  in'  otherwise  cgual 
u t3 E‘l y of  V , and  it  will  L-e 


supply  (volume)  the  working 
conditions  o y the  volume  of 


V„  = Vn-Vf. 


after 

subat  it 

Ut  III 

i into 

this  expression  of 

V',  from  exprer.sio 

let 

us  find 

t h>‘ 

wor  kin g 

volume  o f s*ora  j»- 

hat  *■  or  y /a ecu  mu  1 a*  or 

t ho 

Pmia  ^->  pH 

a n 

d polyt 

topic  exponent  n = 

1: 

r 
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vn  = v;-v,  = vJ\  i — ^ — v f _p*_ _ _£«_ \ 

v Pmtx)  \ Pmtx)  " Uoud  Paax) 


Vn  _ JPh £*_  _ 

V*  Pmln  Pmtx 


Fix  pr  ‘K.jion  s (5'))  in  <1  (r>1)  ..how  that  t ho  useful  cipirity  of  th 


aaaa  of  stocaj?  ba t tor y/ucrumulator  depends  under  otherwise  ejual 


conditions  on  the  relation  of  pH  pm,x  and  for  tnis  pmi%  on  th» 


initiil  pr'  osur7  of  *■  he  PH  of  battery  charjir.a  1 


>y  qas. 


The  ran  jo  of  pressure  char.uo  usually  is  selected  within  limits 


Ptpu—Pmxn  ^ 015 

Pmtx 


Poly  tropic  process. 


With  battery  charging  (filling  with  liquid)  occurs  the 
compression  of  gas,  increase  in  its  temperature  and  *-h?  h a a t ^itission 
through  the  wall  ir  environment,  while  with  discharge  it  occurs  the 
expansion  of  gas,  oLso,  as  a result  of  the  release  in  this  case  of 
the  enerjy  of  compressed  gas  Lowering  in  its  temnerat  ure  ir.d  the 
inflow  of  heat  from  without.  Those  processes  usually  occur  at 
velocities,  which  correspond  tc  a poly tropic  change  in  the  state  of 
the  gas.  For  this  change  ir.  t he  st  at«  ( n > 1)  expressions  (4d)  take 
the  form 


Pi  — Paux  — Pi 


= P* 


! 
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1 1,  acc orHanco  wiTh  i his 


1 

1 

f_p*\  n 

\ Pmlu  / 

V P max  ) 

or 


i-(&n(s:r->].  1521 


where*  a is  the  pol  v t ro  pi  c:  cxpoitnr  whoso  value  is  determined 
ex  pe  rim  on  tally. 

Durinq  the  rapidly  elupsinq  processes  the  heat  ^nhanqo  with 
medium  virtually  is  absent  ana  a change  in  the  s*  ate  of  t gas 
occurs  according  to  adiabatic  law  with  adiibatic  index  .<  = 1.4.  In 
a cc o ri a nc e w i t h t h i s 


i t 


w 
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•£xj  \>r  i :»*•  nt  'shows  that  for  t he  stanlard  storage 
ha  tt-»  r y/aci:  omul  > r s,  lesigned  for  pressure  200  kijf/cm2,  the  wall 
thickness  such  ttia*  - a a purely  isothermal  cycle  occurs  only  for  the 
duration  of  the  orocess  of  charge  or  discharge  not  ljss  than  i min. 
For  the  duration  of  cycle,  equal  or  it  is  less  than  O.h  min,  non 
preferable  ♦ o apply  a d i a ha v ic  process  (n  = 1.  4)  . Taking  this  into 
account  iri  practise  the  polytropic  exponent  for  the  wiisspreai 
storage  lattery/accumulators  or.d  the  mole/conditions  of  their  work 
(time  is  -gual  approximately  0.  r*  min)  is  accepted  in  av  era  ge/n>oan  n 


Effect  of  the  moi ;/cond it  ions  of  compression  and  expansion  of  gas. 
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The  temperature  charges,  which  proceed  luring  compression  and 
ex  pan  si  or  of  gas  in  mode/condit ions  n > 1,  cm  lower  the  useful 
capacity  of  storaj-  ba  t ter  y/accuntu  iutor.  The  latter  is  visually 
evident  from  expression  (52),  which  shows  that  th  ■»  volume  of  liquid 
in  storage  batter y /accumulator  with  n = 1 it  will  be  more  t ha  n with  n 
> 1 - 


As  * :r->  illustration  of  the  latter  Fig.  99a  giv  ->s  pressure  curves 
in  function  of  the  com pression  of  gas  for  n = 1 (soli!  lines)  and  r = 
1.4  (the  broken  lines),  which  show  that  for  a pressure  increase  from 
initial  value  of  40  to  100  kgf/cm2  in  isothermal  process  (n  = 1)  the 

volume  of  gas  chamber  must  be  decreased  by  f>0o/o  of  initial  value 
(see  the  curve  of  a),  whereas  during  adiabatic  process  (n  = 1.4)  this 

pressure  will  be  reached  during  a decrease  in  the  volume  of  gas  only 
by  4 8 o/o  of  its  initial  value.  Consequently,  the-  volume  of  liquid  in 

storage  battery/accumulator  with  r.  = 1 it  will  be  more  than  with  n = 
1.4,  so,  as  it  will  be  more,  also,  at  any  value  of  n •>  1. 

Figure  99b  fives  the  performance  recorl  of  storage 
ba tt e r y/accumul at o i luring  the  equal  mode/conditions  of  discharge 
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The  shaded  a rea/si  to  expresses  work  during  the  adiabatic 
node/ cond.it  ions  of  discharge. 


LIQUID  SPRINGS. 


The  true  liquid  is  the  elastic:  hody,  which  are  subordinated  with 
certain  a p proach/ a p pro  x imat.  ion  to  the  law  of  the  compression  of  iloo/ce 
(chan. jo  in  the  volume  of  liquid  during  its  compression  it  is 
proportional  to  pressure  change) , which  makes  it  possible  to  utilize 
liquids  Lor  the  construction  of  powerful  springs  and  shock  absorbers. 

The  schematic  lie  gram  of  liquid  spring  is  given  in  Fig.  199a. 
Sprint  consists  >f  cylinder  3 and  entering  it  through  th » sealing 
node /unit  stock/rol  1 with  piston  2,  "mployti  direction  for  th*3 
latter.  Cylinder  3 is  filled  with  the  deaerated  liquid  uni°r  certain 
initial  pressure  pj,  which  determines  the  force  of  the  initial 
"compression"  of  spring,  computed  (not  allowing  for  friction) 
according  to  expression 

p = Pif, 

Where  t = rrd?/l  - the  sectional  ar^a  of  stock/rod  1 with  a diameter 
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With  stock/rod's  countersinking  1 into  cylinder  3,  pressure  of 
liquid  is  a resui*  of  its  compression  will  be  raised,  after  achieving 
toward  the  end  of  the  course  of  stock/rod  p?,  determined  the 

compression  ratio  of  liguid  fry  change  in  the  cylinder  capacity  3), 
and  also  by  the  coefficient  or  the  compressibility  of  the  latter. 


For  pro vi 2 in  j a hardness  of  construction  and  possibility  of 
obtaining  simultaneously  with  thir  large  courses  are  applied  the 
diagrams,  based  on  differential  stock/rod  (Fig.  100b).  .\s  stock/rod's 
working  (not  balanced)  area  hero  serves  a difference  in  the  areas  of 
his  left  and  right  sections; 


f = -±.(d\-dl). 


one  = 77120109 
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pressure  on  Ap 


AV  = Vi  — V*  = VjApp, 


where  Vj  and  V2  are  a volume  of  liquid  at  *•  he  Initial  pressure  (is 


pressure  on  Ap. 


In  accordance  with  this  iorcc  on  t ne  stock/rod  of  liquid  spring 
at  the  end  of  its  compression  in  isothermal  process  (not  allowing  for 


f r ic  t i on) 


From  this  equation  it  follows  that  since  the  coefficient  9 
compressibility  depends  on  pressure,  decreasing  with  an  increase  ir 
the  latter,  liquid  spring  possesses  a 1 t.ernating/var iabl  o hardness  in 
the  corns  • of  compression  - with  compression  spring  constant 
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incr  e isos. 


Foi  rh?  spring  whose  diagram  is  represented  in  Fig.  100a,  a 
decCea  ;•  ir.  t n 2 volume  of  liquid  luring  compression  can  he  expressed 
(nor  allowinj  for  the  deformation  of  container) 

AV  = fh,  <54> 

where  f and  h are  a sectional  area  and  piston  stroice  (plunger)  . 

In  accordance  wi^-h  this,  expression  (13)  during  isothermal 
compression  of  sprin  j to  s izo/ri  itnens  ion  of  h with  the  initial 
pressure  of  charge  px  will  take  form 

P*  = Pi  + -j---£-t 
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The  advantages  of  liquid  springs  include  also  the  simplicity  of 
the  provision  for  the  assigned  force  of  the  pretightening  of  spring. 
The  latter  usually  is  realized  hy  scr^v/propeller  4 (Fig.  100a)  whose 
shank  with  screwing  up  compressible  liquid  up  to  a pressure  of  p,. 

The  section  of  the  fx  of  shar.k  and  its  displacement/movement  of 
aaaa  for  a pressure  increase  from  zero  to  the  assigned  initial 
pressure  p , compression  of  spring  can  be  determined  from  relationship 
(S4)  : 


fxhx  = AV  = plV£;  = 

/ij.  » 
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Compression  work  of  liquid. 

by  the  import*!!*  parameter , which  characterizes  the  state  of 
liquid,  which  is  located  under  high-pressure  action,  is  the  work  of 
its  compression,  which  determines  the  potential  energy  of  * h e 
compressed  liguil.  Wi*-h  the  previously  accepted  assumption  that  t-hc 
liquid  obeys  Hook; 1 s law  itself  and  n,  = 0,  the  energy  possibi lit ios 
of  volume  of  liquid  Vj,  compressed  up  *o  a pressure  of  p*  in  rigid 
container  (not  allowing  for  vasodilation) , can  be  expressed  in 
isothermal  process  by  equaf lor 


A — pcp A V — Pcphf  i 


(_  5 S~J 
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where 
in  1 h 


Hook 15 


Pa  ge 


A - the  energy  (work)  of  -he  compressed  liquid;  Pep  - a 
•»  process  of  fha  compression  of  ♦ he  pressure  of  liquid 


fa  > Pep  > Pi). 


tinder  the  assumption  -hat  the  compression  of  liquid  obeys 
•s  1 1 w it.se]  , mean  pressure  can  be  approximately  accented 


Pc- 


Pi  + Pi 
2 * 


1 19. 


veraqa 


A 
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In  accordance  with  this,  «x  prfj:;sion  (95)  will  tax?  form 


A=Pi±£i.  av. 


On  the  basis  of  expression  (53) 

AV=  Vl(pa-p1)  p, 


takir.  j into  account  what  we  will  obtain 


A = ±-{p\-ft)  V$. 


I 
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For  the  z?n  pret ightening  oi  spring  ( p. 


0)  ae  will 


Pep  — -Y'  A p = pa 


and  volume  ohange  r so  - expression  (SI)  1 


have 


W = vlPi$. 
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In  a:cordin^3  with  this,  we  will  obtain  for  condition  p,  = 0 
approximation  for  the  calculation  of  the  energy  of  the  compressed 
liquid 


<4mix  — Ah'  = -|-pjV'iP. 


(56) 


Tho  taxen  in  the  last/latt  _>r  expressions  condition 


Pep  = 


£i 

2 


approximately  valid  only  for  the  relatively  small  (*'o  500-800 
kgf/cra?)  pressures,  within  limits  of  which  the  compression  and  the 
pressure  of  liquid  ir  o connected  by  dependence,  virtually  close  to 
linear  (see  Fig.  la). 


J 
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Fron  expression  (56)  it  follows  that  for  obtaining  nximuit  work 
at  the  assigned  pressure  p2  tt.c  compression  of  liquid  i r is  necessary 
to  have  under  otherwise  equal  conditions  its  largest  possible  ini* ia 1 
volume  V,  or  with  its  assigned  inirial  volume  the  maximum  pressure 
p2.  Xn  equal  measure  from  this  point  of  view  it  is  expeuien*  to 
select  the  liquils,  wnich  possess  * he  maximum  coefficient  of 
compressibility  3 (vi*h  the  minimum  elastic  modulus)  in i its  minimum 
dependence  on  different  factors  and,  in  particular,  from  pressure  ani 
temperature,  and  also  oy  the  low  temperature  coefficient  of 
ex  pa  n sion . 

From  the  existing  liquids  these  conditions  most  coraol etel y 
satisfy  their  silicone  ethy  lpol  ysi  loxare)  brands  whose 
compressi hi li t y approximately  by  40-50o/o  is  higher  than  the 
compressibility  of  tr.e  liquids  of  mineral  origin  (see  Fig.  9b)  . 


to  account  for  deformation  under  the  pressure  of  the  liquid  of 
the  walls  of  cylinder  * .n-=  calculations  must  be  conducted  with  * he  I 


replacement  of  the  bulk  rigidity  modulus  of  liquid  E by  the  qivet. 
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bulk  modulus  of  the  li  (uid  of  £«p  in  the  elastic  a onl  uit/manifold : 


c Eye 

Enp  = d~’ 


1 +E* 


E/TipS 


where  D and  s are  a diameter  and  the  wall  thickness  of 
conduit/manifold;  Emp  - the  modulus  of  elasticity  of  tna  material 
of  the  walls  of  cun i uit/manif old  (cylinder)  . 


Effect  on  the  characteristic  of  the*  spring  of  the  mode/conditions  of 
its  compression  arid  quality  of  liquid. 


Above  are  examine!  the  questions  of  the  compression  of  liquid 
spring  concerning  the  isothermal  process  which  is  characterized  by  so 
slow  a change  in  the  volume,  that  -ho  isolatable  in  this  case  heat  is 
scattered,  as  a result  of  which  compression  occurs  at  constant 
temperature  of  liquid. 


Page  140. 


However , the  compression  of  liquid  in  here  the  of  iti 

app] ication/use  in  juestion  usually  flow/lasts  witn  the  speeds  at 
which  the  isolating  boat  completely  is  not  scattered,  partially  it  is 
concentrated  in  liquid,  raising  its  temperature  and  incroasinq 
volume,  or  changing  its  otter  c ha rue tor is tics.  In  vi^w  of  this  the 
pressure  of  liquid  luring  compression  of  spring  at  real  speeds  can 
exceed  pressure  during  its  compression  under  the  isothermal 
cond i * ions. 

Taking  into  account  this  during  refined  calculations  of  the 
high-speed  liquid  springs,  one  should  proceed  not  from  isothermal, 
but  from  *-he  uolytropic  process  during  which  the  developing  during 
the  compression  of  liquid  heat  partially  is  e x pend  /consm  a d on  an 
increase  lr.  i*s  temperature,  .'daximum  from  + his  viewpoin*  is  the 
process  of  th;  compression  during  which  entire  heat,  which 
corresponds  to  the  energy  of  the  compression  of  liquid,  is 
expend/consumcd  on  an  increase  in  its  *-?mnoi'atura.  Tha  calculations 
show  tha*  during  compression  on  this  maximum  process  of  mineral 


liquid  from  zero  pressure  to  3500  kgf/cm2  an  increase  in  the 
temperature  is  approximately  equal  to  35°C. 


DOC  = 7712010 9 


pa  or 


£77 


Since  an  increase  in  the  temperature  of  liquid  is  accompanied  by 
fall  in  the  bulk  modulus  of  its  elasticity,  and  also  by  the 
temperature  expansion  of  liquid,  the  characteristic  of  spring  at  the 
end  of  ivs  compress  ion  in  this  mod e/co nd i t ions  can  differ  from  the 
calculated  in  isothermal  mode/conditions.  However,  since  the  increase 
in  the  temperature  of  liquid,  which  proceeds  during  the  ram 
compression  of  spring,  is  accompanied  1 y a tall  in  the  modulus  of 
elasticity  of  liqui  1 and  simultaneously  by  an  increase  in  its  volume, 
and  consequently,  in  *hf'-  initial  pressure  increase  of  the  charge  of 
spring#  temperature  effect  on  one  of  these  parameters  partially 

compensated  by  opposite  influence  or.  another  parameter,  as  a result 
the  difference  in  characteristics  during  static  and  ram  compression 
usually  small. 


Attenuation  of  energy. 

In  the  liquid  springs,  utilized  as  shock  absorbers,  is  provided 
for  t h*  attenuation  of  certain  part  of  the  energy  of  tae  compression 
of  liquid,  for  which  sorinq  th<  y supply  with  damper  in  the  form  of 
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t hr  ot  t ] c /:.  I.  oke  ona-  or  b i lateral  action.  The  attenuation  of  energy 
(throttling/choking  of  liquid)  occurs  either  about  foreward  stroke 
(durinn  compression  of  spring) , or  with  hack  stroKe  (with  the 
straightening  of  spring),  or  simultaneously  both  with  straight  line 
and  with  tack  stroxes. 


"1 


Distributed  are  second  type  liguiu  springs,  in  which  the 
attenuation  ot  energy  (braking)  occurs  with  the  straightening  of 
spring.  This  is  realized  in  that  which  is  oxa mine /considered  by  us  to 
diagram  tact  that  the  liquid,  included  in  the  chamber,  is  pressed 
with  the  straightening  of  the  spring  through  eyelets  in  floating 
overlapping  valve  1 (Fig.  101a).  This  valve  durin)  compression  of 
spring  is  moved  by  the  pressure  of  the  displaced  liquid  to  the  left 
and  op^n/di scloses  passage  opei  ings  a in  piston.  2,  thanks  to  which 
liquid  it  flow/lasts  in  this  case  without  resistance,  with  the 
straightening  of  sprinj  (Fig.  1011)  valve  under  the  action  of  the 
flow  cf  compressible  liquid  is  moved  and  overlaps  to  the  right 
passage  openings,  as  a result  of  which  the  displacement  of  liquid 
from  the  left  cavity  of  cylinder  into  right  occurs  only  through  choke 
opening/apertures  in  the  valve  of  1 small  section,  with  cours-> 
through  which  certain  part  of  the  energy  of  the  compressed  liquid  is 
converted  into  heat. 
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In  view  ol  the  complexity  of  the  process  of  attenuation  the 
calculation  produces,  accepting  a scries  of  assumptions  and  averaging 
the  value  of  the  unknown  parameters. 


A er  subdividing  work  (energy)  A,  which  must 
to  absorb  the  liquid  with  the  passage  through  the  choice  channels 
(open ing/a port ures)  of  damper,  on  “he  stroke  of  spring  h,  let  us  find 
the  a verage/mear.  force  p or  its  stock/rod  developed  with  a jump/drop 
in  the  pressure,  created  by  resistar.ee  of  “hose  channels: 
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Inasmuch  a: 


P ~-r*P*n 


where  f is  an  araa  oi  the  stock/rol  of  spring;  A pip  - the 

resistance  of  throttle/choke. 


we  can  write 


Apa»=nr 


Junip/clrop  in  the  pressure  of  &pde  on  t hro*  t le/ch  oke  and  fluid 
flow  rate  through  the  choke  opening/aperture  of  section  w are 
connected  by  relationship  f see  expression  (20)  ] 


Q = pw  2. 
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where  C - the  average  fluid  flow  rate;  p is  a coefficient  of 
expendituro/consum ption ; p - the  density  of  liquid. 

After  assigning  * ime  T of  the  straightening  of  spring  to 
h,  we  find  the  avgruqe  sneed  of  the  of  the  motion  of  its 


Oa 


In  accordance  with  this  t h * average  'Xpe nd it uro/: on su mpti 
the  liquid  through  ti<  choxe  o pen  i ng/a  per  * u re  of  damper  (valv 


length 

piston: 


Lon  Q of 

?) 


Q—vn~  (D*  — d*), 
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wherf*  D and  d at'*1  d did  motet  of  cylinder  and  stock/rol  of  shock 


absorber. 


Solving  tiiff  toje^hor  given  equations,  wo  find  the  sectional 
of  choke  opening  - a 1 low/ass  ume  the  complete  airtight  ness  of  oa 

poi  nts  o f co  n ne  ct  i o n) 


9 _ nu„(D3-(fh 


a re  a 
her 


<D  = 
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The  coefficient  of  expend i ture/c on sum pti on  for  a diaphragm 
th  rot  t le/ch  oke  (in  the  form  of  open  in g/aperture  in  fine/thin  wa 
under  condition  s=g2 d,  where  s and  d ar«  wall  thickness  and 

diameter  of  opening/aner* ure)  , car  he  accepted  p - 0.02. 


Average  pressure  differential  during  the  short-cut 


ealeu lat ions 


DOC  = 77130109 


S-fC 


Ir.  diagrams  with  attenuation  on  foreward  stroke,  the  float  valve 
is  a r ran  je/1  oca  t.  el  from  opposite  side  of  pistor. 


Pulse  hydraulic:  drive. 


The  elastic  properties  of  liquid  are  utilize!  for  the  creation 
of  pulse  hydraulic;  iriv-1  which  is  applied  in  the  machines  of 
percussion  (hammers  ar.  i other  installations),  and  also  as  the  source 
of  vibrations  in  testing  units,  similar  drive  makes  it  possible  to 
obtain  to  300-4  00  mo:nentum/impulse/pulses  (courses)  per  minute,  with 
small  courses  the  number  of  mo  in»  n*  u n/imnu  Ise/pu  Isas  (vibration 


frequercy)  can  reach  100  per  second, 
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PL  ot^ratin  j principle  of  this  di  i v.  (F  i *j . in-)  i • . i 
the  us?  of.  in  energy  ?r  the  i r.st  ant  an°nus  xi-n  ;i  ?r>  of  ♦ > 
p ceconi pr e 03 **  i liquid,  wh«reu pon  with  f h*  r • 1 * • »•  • .1 
short  ti  mo  (0.009-0.01  ;)  ir  ir  possihl*  *0  ob*  ain  La:  • • 

relatively  saal  1 pr  ‘ssur^s  and  r.  h ••  volume  ; or  v.o  • ■ : r.  1 : , u 1 • 

[see  ex  pi  or.  siou  (9b)  ]. 

Drive  consists  of  the  liquid  spring,  which  is  those  filled 
by  liquid  under  certain  initial  pressure  p1  container  (cylinder’  1 
together  with  its  attached  plunger  (rod)  2,  connected  with  the 
piston  4 of  a power  cylinder  3.  Piston  H will  bear  from  the  side, 
opposite  to  plunger  2, 

st ock  /r  0:1  9,  to  whom  is  connected  external  load.  The  Dower  supnly  of 
actuating  cylinder  i y liquid  is  realized  with  th'*  aid  of 
distributor  r>  wit  a th  ' high-speed  (electromagnetic  or  others)  drive 
with  the  aid  of  which  th»  werkir  j (low<-r)  cavity  of  cylinder 
consecutively  is  connect  .1  with  power  supply  (pump)  an  1 with  tan*. 
Durinq  the  supplying  of  liquid  irdo  actuating  cylinder,  plunger  2 
steps  down,  compressible  liquid  ir  con.t  iin>»r  1 (compression  pressure 
usually  fOO-  1000  k j f/c.a2 . During  tar  changeover  of  iistrifoutor  9 at 
the  position  of  bleeding  fron  the  working  cavity  of  cylinder  1, 


plunqer  l with  connect  vl  load  fast  and  well  is  moved  unior  the  effect. 


4 


DOC  = 77130104 


PACE 


Sll 

of  prossur*  of  the  com  ci  osseii  liquid  down. 


Distributor  5 
liquid,  Mjipr'-ss^] 
s)  , * h i r.  k ~ to  w hie 
small  dimensions  of  dL  ivo  larg«  instantaneous  tower. 


is  designed  foi  t h<> 

re  lease 

of 

the  a 

in  container  1 , in 

the  shortest 

t imu 

h it  is  represented 

possible 

to 

o bt  a i 

VELOCITY  CONTP3L  IF  if  Y DR  AO  L IC  ENGINES. 

Depending  on  the  method  ly  which  is  achieved  a c h a ri  g a in  the 
supply  of  the  liquid,  directed  in  hydraulic  engine,  they  distinguish 
of  two  basic  method  of  the  cor'rol  of  its  speed:  choke  and 
volumet  ric . 

With  throttle  control  a change  in  the  feed,  direct in 
hydraulic  engine,  is  realized  by  a change  in  the  hydraulic  friction 
of  the  line  in  which  it  is  included,  and  by  the  d iversion/  + a p 
(gutter)  of  part  of  *he  feel  or  pump  in  tank. 
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With  volumetric  control  a change  in  the*  supply  of  the  liquid, 
which  enters  ti?  hydraulic  engine,  is  achieved  by  a change  in  the 
working  volume  oi  frequency  of  the  rotation/revolution  of  pump,  i.e., 
volumetric  control  predetermines  arplicat ion/use  in  the  hydraulic 
system  ot  the  adjustable  pump  or  pump  drive  with  the  adjustable 
frequency  of  rot » t ion/re  volution  . 


Are  common  both  first  and  the  second  methods,  wh=»roupon  the 
first  of  these  methods  is  applied  predominantly  in  *he  hydraulic 
systems  of  power- h a nd  1 i ng  capacities  (to  5-10  h . n . ) and  t.  y tha  second 

- a*  higher  powers. 
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Throttle  velocity  control  of  hydraulic  engines. 


The  t h rott  lo/choko  is  the  simplest  anl  most  widely  accepted 
speed  governor  of  hydraulic  engine.  The  major  advantage  of  hylraulie 
drive  with  throttle  control  is  the  possibility  of  a smooth  change  in 
the  speeds,  the  simplicity  of  control  of  distributor,  ini  also  the 
fact  that  the  fore  s,  required  for  a control,  they  can  be  lowered 
during  a ppl icat ion/uso  two-  and  of  three-stage  intensi f ica ti on  to  2-5 
g.  These  advantages  ar>  especially  valuable  in  the  systems  of 
automation,  since  they  a 1 low/a ssumo  the  application/us?  of  low-power 
signals. 

Throttle  control  is  implied  predominantly  in  diagrams  with  the 
hydraulic  generator  of  the  constant  nr  assure  of  PH  — const..  As  this 
generator  can  serve  any  uncontrolled  ourp,  equipped  with  overflow 
(restricting  pressure)  val v~,  or  the  adjustable  pump  with  the 
equipment/device,  w n ic  h restricts  pressure  by  changing  th? 
ex  pend  it ur e/eon su n rt ion.  This  same  requirements  for  pH  = const 
partially  satisfies  ‘he  hydroaccumulator  which  supplies  system  in  the 
periods  of  the  li.se  onnection  of  pumps. 
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Depending  on  th>  form  of  power  .supply  the  existing  systems  of 
throttle  control  ;an  be  divided  into  the  systems,  supply  of  power 
(pump)  which  it  has: 


alter  na  1 1:1  g/ var  i a ule  expend  it  ure/consumption  (Q  =f-  const)  and 

the  constant  pressure  of  the  + const)  liquid,  determined  by  the 

control  or  overflow  vn  L ve  a (Fig.  102a  and  b)  ; 


cor.stdn*  flow  rat e/consum pt ion  (Q  = const)  and  the  variable 
pressure  of  (p„=const),  determined  by  the  load  of  hydraulic  engine 
(see  Fig.  1 0 2 d ) . 


More  rarily  are  applied  combined  system. 


Is  most  common  the  first  system,  which  has  special  advantages 
when  for  several  hydraulic  drive  is  apt  lied  one  supply  of  newer 

(pum  p)  . 


Installation  diagrams  of  thrott lc/choke.  Thr of t le/cho ke 
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(regulator)  in  systems  from  p*=const  . is  ^sta  b 1 ish/ins  t a 1 1 ed  either 


in  the  f r 

o 1 lire  of 

1;  v ir a ulic 

e n g i 

ne  (at  i nlet)  , 

as  shown  in  F i 3 . 

102a 

a n d 

10  3a  or  in 

drain  lire 

(at 

out  j ut  / vie  1 cl ) 

, as  sh  >wn  in  'Mg. 

102b 

and 

103b.  Both 

in  ♦ha*'  ar: 

d in 

another  case 

it  j]  represented 

possible  to  obtain  the  speeds  o£  hydraulic  on  j i n«  iron  M5  zero  to 
the  maximum.  The  excess  oi  the  liquid,  applied  by  pump,  is 

abstr act/r emovGd  into  the  tank  through  the  overflow  valve. 

Paye  144. 

Bstima  tiny  these  mounting  met  hods  of  * hrott  le/chon?,  i *■  should 

be  noted  that  diagram  with  throttle/choke  in  drain  lino  (see  Fig. 
102b)  they  provide  the  bilateral  hardness  of  the  supplied  hydraulic 

engine.  Therefore  these  systems  car-  be  use)  w i*  h oscillating  and 
regular  external  loads  of  t he  latter  for  which  diagram  with  the 

regulator,  est a bl i s hei /irst a 1 le d on  fee]  line  (see  Fig.  102a),  are 
less  suitable,  since  luring  a :u  p charge  of  the  loa  i of  hydraulic 
engine  the  speed  of  th^  motion  of  i*-s  i.  ti*  stock/rod  (or  shaft)  it 

can  be  raised,  since  this  »!irot*  It /choke  here  it  do°s  not.  resis*  . 


♦he  system  with  f hrot t le/choke  at  inlot  is 


n e j u a 1 near.ur 
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unworkable  u tha  mode  of  the  high  acoel nr.1 1 i ons  of  cxi*  stock /rod  or 
shaft.  From  the  iia  gram,  presented  Fig.  10  2a  it  is  apparent  that 
shows  during  a sharp  reduction  in  the  feed  of  liquid  into  cylinder  by 
means  of  throttling/choking  at  the  inlet  into  it  the  piston  is  moved 
under  the  action  of  t he  force  of  inertia  of  the  driving  mass, 
creating  ir.  this  ca  ; ■ in  working  cavity  e v acua  t ion/r  ar  a f a o t ion  , i . e. , 
occurs  the  discontinuity  of  ‘he  continuity  of  the  flow: 


The  latter  has  especially  important  value  for  liagrams  with  the 
hydraulic  engine  of  rotary  motion  (with  th“  hydraulic  motor),  which 
can  work  ir  transient  conditions  with  high  speed  and  the 
accelerations  of  output  shat*-,  in  ‘his  case  the  force  of  inertia  of 
the  rotating  parts  of  the  hydraulic  engine  with  the  conneotel  to  i4- 
mass  of  xt^rnal  load  ‘h«y  can  reach  the  significant  magnitude. 
During  t.ho  unit  of  thr  ot.t  le/ch  eke  in  drain  lino  an  increase  in  the 


velocity  of  output  shaft  impedes  the  friction  of  this  t frot+  1<~ /choke 
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which  will  be  raise]  vv oport ioi.a  1 to  the  square  of  velocity.  However, 
during  the  abrupt  dec’  lerat  ior.s  ol  hydraulic  motor  in  this  diagram  in 
line  between  it  and  the  t hr  ott  1*-  /c  hoko , can  arise  high  pressures.  For 
the  preservation  of  system  and  hydraulic  motor  from  an  inadmissible 
pressure  increase  in  this  line,  is  esta b 1 ish/i nsta 1 lad  the  safety 
va  1 ve  fc  (F i J . 1 02c  ) . 

Furthermore,  t lie  diagrams  with  throttle  governor  in  drain  line 
are  more  stable  against  auto-oscillations  tnan  diagram  with  regulator 
in  feed  lira,  anl  in  particular  at  the  low  speeds  of  the  motion  of 
hydraulic  engine,  which  is  caused  in  essence  by  the  more  intense 

attenuation  (scattering)  of  vibrational  energy. 

Furthermore,  t he  unit  or  throttle/choke  at  out  put /y i e Id  is  more 
preferable  its  unit  at  inlet  (jue  to  the  probability  of  occurence  it. 
the  system  of  an  abrupt  change  in  the  loa 1 of  the  actuating  cylinder, 
possible,  for  example,  on  leaving  of  the  given  with  the  aid  of  this 
cylinder  instrument  from  article.  In  this  case  the  onorgy  of  the 
compressed,  working  fluid  and  elastically  deformed  mechanical 
cell/el  omen to  is  £r «e/r el  eased , which  can  cause  the  hydraulic  impacts 
which  with  the  thrott  1 inq/choki  r.q  or  liquid  on  gutter  considerably 


are  smoothed. 


Ti  e equilibrium  condition  of  piston  in  t he  diagram  of  actuating 
cylinder  with  the  bila^^ral  stock/roi  of  oju-d  sections  during  t he 
unit  of  throttle/choke  at  inlet  (see  F i g . 102a) 


PpF  = PaF  + P+T. 


Since  pp  = p„  — Ap, 


we  car.  write 


^Ptx  — Ph  Pca  " 


P + T 


(Si) 


where  *he  Pp  <p*  - operating  pressure  in  cylinder  (see  Fig-  102a), 

the  determined  by  load  pK  — const  - applied  pressure  (pump), 
determined  by  t h =>  adjustment  of  overflow  valve;  - the  pressure 


differential  on  input  throt^le/cnok^; 


- oressnro  ir.  drain  line; 


P is  the  load,  applied  to  the  stock/rod  of  hydraulic  engine 
(actuating  cylinder);  T - frictional  force  in  cylinder;  F (D'~ 

- the  effective  area  of  cylinder;  here  D and  d are  a ii a net  er  of 
piston  and  stock/rol. 
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During  the  unit  of  throttle/choice  at  output/yi^ii  (3a«  Fig. 

1 0 2 i- ) indicated  Impendence  take  the  form 

pj  = pxF  + P ± T. 

Since  = A p9blx  Pc**  it  is  possiul*-;  to  write 

Ap.tlx  = pH-Pcjt_L±lt  (58) 

where  pt  is  a coun  t •■»r  pressure  in  the  nonoperative  cavity  of  cylinder; 
Ap™x  - jump/1 roo  on  output  choke. 

Fror  expressions  (57)  and  (55)  it  follows  that  jump/lrop  it.  th» 
pressure  >r  throttle/chokes  and,  consequently,  also  the  fluid  flow 
rate  through  them  i+  will  change  in  noth  diagrams  with  a change  i r 
load  P on  the  stocrc/roi  of  hydraulic  cylirier,  whereupon  those  *he 
pressure  differentials  will  to  und-r  otherwise  equal  coni  i tions  equal 
between  themselves  ho*h  in  ‘hr  diagram  with  t hr  ot  t l'Vch  oke  at 
output./yi°ld  and  at  in.  let.  Tt  accordance  with  this,  the  dependence  of 


the  piston  speed  on  load  in.  both  those  liugrams  will  b*  identical. 
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Since  t ho  pumps  of  similar  nysteps'  a pH  = const  consume 
independent  of  the  load  of  sei  vomotur  the  maximum  power,  which 


corrcspor  Is  to  tn  a complete  feed  of  pump  and  to  the-  maxi  mu  m pressure, 
determined  by  tho  adjustment  (control)  of  overflow  valve,  both 
examined  systems  of  throttle  control  possess  relatively  low 
efficiency. 


The  used  in  these  systems  pumps  of  constant  feci  are  selected 
from  the  calculation  of  maximally  possible  ror  this  application/use 
consumption  of  11  ju  id  by  hydraulic  engine,  and  consequent  y,  at  t h* 
low  speeds  of  hydr  uiiic  engine  the  surplus  or  tho  feel  of  pump, 
expendable  under  the  pressure  of  the  PH  through  the  overflow  valve, 
it  composes  the  considerable  part  of  the  feed  of  pump.  To  the  worse 
from  this  viewpoint  case  when  “he  speed  of  hydraulic  ertjin.e  is  close 
to  zero,  virtually  entire  the  appliei  on  pump  inlet  constant  power  is 
expend/consumed  on  .ueating  liquid  with  its  overflowing  through  the 
overflow  valve,  adjust  »d  to  the  maximum  pressure.  This  it.  conducts  to 
the  overheating  of  liquid,  which  is  accompanied  by  tho  Loss  by  it  of 
some  properties. 


J 
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Systems  witn  variable  pressure,  ■'lore  rarejy  are  applied  systems 
with  variable  pressure  (p  =p  const),  in  which  the  pressure  of 

power  supply  is  i-etormined  by  the  load  of  hydraulic  engine. 

Figure  1 02  d (sa  ? also  Fie.  101c)  gives  the  diagram  of  *■  h« 
similir  hydraulic  system  in  which  the  t nrottle/choke  is  connected  ir. 
parallel  to  hydraulic  engine  (actuating  cylinder).  The  •'xcess  Gf 
liaui  1 in  tl  is  diagram  is  ahstiact/removed  (is  expended)  into  tank 
not  througl  the  overflow  valve,  a r this  occurred  in  previously 
examined  systems  (see  Fig.  102a  and  b)  , but  through  this 
throttle/choke,  es t abl i shed/i n sta 1 led  in  parallel  with  hydraulic 

engine  (or:  the  line,  which  connects  the  main  line  applied  pressure 
with  tank). 

The  liquid,  applied  by  pump  in  the  volume  of  the  Q is 
divided  in  this  iiajram  intc  two  parallel  Hows,  one  of  which  (Q ) 
enters  actuating  cylinder  (hydraulic  engine),  and  another  (Qa„)  is 
recasted  through  the  t hrott le/cnoke  into  tank,  whereupon  these  flows 
inversely  proportional  to  the  friction  (loads)  cf  *he  branches: 


Qh  = Qij  + QaP. 


DOC 


77  1 10107 


\r,  * 


Aft  or  designating  the  hydraulic  friction  of  th«  tnrsttlo 'choke 


_ Qdp 
rto-  Spdp  ' 


where  the  Qa(  and  the  Ap3r  - the  expenditu  re/consuaipt.  i on  and 
jump/drop  of  pressure  in  it,  and  disregarding  pressure  in  drain  line. 


we  can  write 


O — Q-*FrdP  ~ f ± T n P±T 
“ F't,  ~ = Q' F7Z- 


one 
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Silica  r ho  power,  consume,]  i.y  pump,  dr-  pen  'Is  in  this  case  on  t he 
load  of  per  form in 'j  hydraulic  engine  (pp'ssur?  during  a dropping  of 
load  decreases  and  during  ihcroasn  increases)  , the  last /latter  system 
arr ange/locat os  less  mar  jin  c:f  power,  which  favorably  snows  up  in  the 
stability  of  its  work,  and  also  improves  the  energy  docking 
conditions  of  system  ind  raises  its  efficiency. 


A d of  icioncy / lack  ir  the  past/latt  er  system  is  the 
lowered/r  ed  uetd  hardness  and  t h*  ne-  l ter  individual  for  .each  user 
supply  of  power  (pump).  Furthermore,  «-he  accu racy /precision  of 
veloc it  v control  and  its  stability  witl  this  method  of  control  are 
lower  than  ir  the  p receding/ pi  evious  liajrams  from  pH » const, 
however,  ovon,  the  hoi* in  j of  liquid  less.  The  latter  is  caused  ly 


the  fact  that  the  pressure  in  this  system  is  proportional  to  load, 
and  only  at  i ts  maximum  value  pressure  reaches  the  value  a*  which  is 


adjusted  the  overflow  valve  of  pump. 

The  diagrams  of  hydraulic  systems  with  the  throttle  control  of 
the  speed  of  hydraulic  enjino  are  given  in  Fig.  103,  whereupon  in  the 
diagram,  presented  in  Fig.  1q3a,  t.  hr  ot  t lo  /choke  is 
establi  h ad/insta 1 led  in  delivery  lino  (see  also  Fig.  102a),  in 

diagram  in  Fig.  103  b - in  the  line  of  * ho  gutter  (see  also  Fig.  102b) 
of  willows  to  diagram  in  Fig.  103c  - between  the  pressure  and  drain 
line  (see  also  Fig.  102d). 


f AGE 


By  changing  the  resistance  in  thefeed  circuit  of 
the  hydraulic  engine  with  the  aid  of  an  adjustable  throttle  2 
(see  Fig.  103a),  it  becomes  possible  to  limit  the  flow  of 
liquid  to  the  hydraulic  engine  (power  glider)  1,  and, 
consequently,  to  regulate  the  speed  of  motion  of  its  output 
unit.  Excess  liquid  supplied  by  the  pump  3 is  drawn  off 
(discharged)  in  this  diagram  through  an  overflow  valve  ^ 
into  a reservoir  (tank) . 


By  changing  *he  bypass  (by-pass)  lines,  include)  with  the  aid  of 
mechanical  (detents  on  motion  work)  or  electr  omag  n^t  ic 
equipmCn t /dev  ices,  is  represented  possible  to  disconnect/turn  off 
throttle/choke  on  certain  part  of  the  way  of  the  piston  stroke  of 
cylinder,  providing  the  uncontrolled  fast  motion  of  piston.  The 
diagram  of  a similar  hydraulic  system  with  the  unit  of  adjustable 
throttle/choke  3 in  drain  line  is  represented  in  Fig.  1031.  With 
forevard  sToke  (to  the  right)  ’■he  liquid  through  distributor  B is 
supplied  to  the  left  cavity  of  cylinder  1.  From  the  opposite  cavity 
of  cylinder,  it  ia  displaced  into  tank  either  through  adjustable 
throttle/choke  3 or  ir.  the  embedded  position  of  two-pass  distributor 
(bypass)  4 into  the  circuit/bypass  of  f hrott le/choke  3 directly  into 


tank . 
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Bypass  4 is  cuanjed  over  (i*  is  meltteo  down)  with  the 


2 on  the 

in  ot  i on  work 

of  the  cvlind- 

l , i t S e 

tabeddel  posi 

correspond  inn  to  the 

juick  t raver  st 

• of  the 

pisten  of  ac 

cy 1 inder 

1,  which  is 

a t i ] ized,  for 

e xa  n pie  , 

in  mach  ine 

in-r  a pi  d 

traverse  of 

instrument  to 

wor k piec 

e ar.d  et  c. 

Piston  speed  for  tils  cast 


c 


= ja, 

nD-  • 


Pistoi  stroke  it  this  spneu 
throttle/choke  jin  the  embedded 
action  of  jov^ming  i tent,  this 


continues,  thus  fir  1? 
position.  On  the  cess  a 
v 1 1 v e under  “tie  force 


he  estab  1 ish/i  nst  al  led  at  t tie  position  in  which  the  *ay 


abstract/removeu  iron;  cylinder  1 liquid  will  be  overlap 
adjustable  t h r o 1 1. 1 o/c  h o ke . 


aid  of  detents 
tion 
t ua  t i ng 
toils  for  the 


tent  2 holds 
“ion  of  t ho- 
of spring  will 
of  the 
pad  t y “he 
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Durir  i t h j supplying  ot  t hi-  liquid  through  distributor  ft  irto 
the  right  ca  v i t y o t actuating  cylinder,  1 (i-  corresponds  to  the 

reverse/in  ver  sa  nonoperat  ive  j is  tot.  stroke  or  actuating  cylinder) 
liquid  outers  cylinder  into  *in  circuit/by pass  of  throt  t le/cho  ke  3 
through  arc  revet  5 e/inver  sc  valve  ft.  The  speed  cf  piston  stroke  in 
this  case 


u = 


Qh 


4Q„ 

n (D*—d-)  ' 


where  p and  d are  a diameter  of  piston  and  its  stock/roi. 


Throttle  governors  with  a constant  pressure  differential.  Tr. 
order  to  eliminate  the  effect  on  fluid  flow  rate  and,  consequently, 
also  on  the  velocity  of  the  hydraulic  engine  of  the  load  of  the 
latter,  are  applied  * he  automatically  acting  throttle  governors, 
which  make  it  possible  to  ensure  during  Im  i change  virtually 
constar*  th  ? pressure  1 if  ferer.  tial  an!  constant,  other  conditions 
being  equal,  fluid  flow  ra*-e  throuih  the  th rott le/rhok ? . 


The  :-,ch-?nidt  ir  diagram  or  c h j s regulator,  intendoi  tor  unit,  into 
for ce  irain , is  raprc.-.f'nted  ir.  Fig.  104a. 

Regulator  couni  'ts  or  *wo  ‘hro*  tlr/chonus  1 and  2,  conr  ^n *<•><!  of 
common/genora 1/tot  a 1 housing,  from  wh  i c:h  t i.r ott  le/choke  2 has 
constant  (ran  ml)  resistance  tun  in  j (t. » > pressure  Jir  t ?r  ai  t ial  with 
constant  flow  rato/con  suit  pc  ion  A;>?  - cons*:),  tb rot* le/chok e 1 is 
reduction  valve  wi  *h  automatic  resistance  tuning  (t). -»  pr?ssuf* 
differencial  Ap,  g=  const)  deper.dir  i on  tuo  i du  r«i  ; ressure  of 

Pped  at  out  put/yi~»l  1 iron  it  and  loan  P oi  hydraulic  r j i : ^ i. 

Page  148. 

Liquid  with  the  constant  t •?  i:  lot  pr-ssure  of  p.  =.  const  oncers 
(from  pump  or  another  power  supply)  mu  ah  mpu*  window  b and  c h*» 
slot  of  automatic  throttle/choke  lido  annular  groove  (chamber)  a 
between  two  bands  of  th<>  plunger  of  thi  ott  ] e/choke  1 ml  from  ic  - 
toward  t hr ot t le/ch ok  5 2 of  fixed  resistor,  passing  chroufh  which  is 


i 


Cop 


di  rected  to  toward  hydraulic  engine  i. 

For  the  given  liajrani  the  outlet  pressure  of  throttle/choke  2 is 
the  operating  pressure  of  the  pd  of  hydraulic  engine,  which  i*  is 
equal  (friction  in  cylinder  we  disregard) 

P 

Pa  — -ft 


whore  P - the  external  load,  applied  to  the  stock/rol  of  actuatir  ; 
cylinder;  F is  the  effective  area  of  actuating  cylinder. 

The  plur.jer  of  rot t le/choke  1 in  this  diagram  i located  under 
the  action  of  the  force  of  spring  h and  of  the  force  of  pressure  of 
Pa  on  the  unbalanced  area 
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attempting  to  displace  it  toward  the  position  of  maximum 

liscover y/openi nq  passage  opening  L,  ar.i  by  that  counteracting  by  it 

the  forcer,  of  the  reduced  pressure,  equal  p^  = Ap*  + p»  on  the  same 

area  where  Ap2  is  the  pressure  differential  (friction)  in 
throttle /choke  2. 

During  steady-state  mode 

PpedNn  = Pnp  + paAfn 

or 

Pptd  — Pd  + urf2  » 

aln 


¥ 
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where  the  P„p 
7n  the  bas 

write 


whence  the  pres 


I*  is  obvi 
pres’  rva  ♦■  ion/re 


bo? 

- the  compression  oi  spring  4. 


is  of  tho  last/latter  expressions  it  is  possible  to 


Ap»  + Pd  — Pa  + > 


sure  lifforentiai  in  thr  ot  *•  le/chok.e  2 


Apj  = tt~  = const. 

& In 


ous,  unicr  the  condition  of  the 

t ? n t ior. /main*  a i n ing  of  the  constancy  of  a jump/drop  in 


the  pressure  A}  2 by 


constant  it  will  be  under  otherwise  oqual 


6>/o 


conditions  and  flail  flow  rate  independent  cf  loal  n of  hydraulic 
engine  and  inlet  pressure  of  the  P«a>  which  must,  exoeol  pd.  It  is 
not  difficult  to  sec  th.p  the  increase  in  t ne  pressure  of  pd, 
caused  by  an  increase  in  load  P,  will  unbalance  of  throttle/choke  1, 
and  it,  after  m ov  L n j uow.tr  1 , it  will  increase  passage  slot  (decreases 
the  pressure  different  ial  A pj ) , compensating  tor  the  indicated  chance 

in  the  load. 

During  a decrease  in  load  ? of  hydraulic  engine  3,  process 
flow/lasts  in  reverse  order.  The  structural  -and  conditional  diagram 
of  similar  type  analogous  regulator,  intended  ;or  unit  in  drain  line, 

are  given  in  Fig.  105a  and  b.  Regulator  is  reduction  valve 
(throttle/choke  with  automatic  adjustment)  2 in  combination  with 
consecutive  thrott 1 -/choke  4 of  constant  adjustment. 

The  reduced  pressure  oL  the  Pred  ~ P*x  &Pt<  where  the  Pax 
pressure  at  the  inlet  into  reducer  and  Ap?  - the  pressure 
differential  on  reduction  piston,  acts  through  piston  1 on  inner 
valve  2,  spring-loaded  3,  the  compression  of  which  determines  this 

press  uro . 


During  change  in  any  reason  (load  variation,  “to.)  f dl  tie 
pressure  of  p,x  at  * he  inlet  into  the  regulator,  which  in  this 
diagram  is  the  coil  nter  pressure  of  the  liquid,  ahstcact/ren  ovei  from 
the  nonop^ ra ti ve  cavity  of  hydraulic  engine,  it  will  change 
instantaneous  fluid  flow  rate  through  *he  slotted  channel  1 of 
automatic  th rot tl?/chok*  , wnici  will  cause  a change  in  'he  friction 
of  throttle/choke  4 and,  consequently,  also  i change  in  th-'  reluced 
pressure  of  Pr *»• 
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As  a result  ot  fhis,  - iu  equiiinri  urn  ot  valve  2 will  be  destroyed, 
and  it  wiLl  move  into  t li  ■»  new  position  in  which  the  lossas 
( jump/d  top)  of  the  pressure  of  Ap„  ir*  * he  slotted  channel  b of 
throttle /choke  a j a i n will  be  equal  to  a difference  in  the  new  input 
P«  and  constant  reduced  o£  the  pressure  of 

(dpi  = p'ax  — pK0  = const). 


The  reduced  pros -ire  of  Pp*  not  allowing  tor  the  frictional 
forces,  and  also  action  ot  flow  forces  of  fluid  flow  t ->  valve  2 and 
the  pressure,  caused  by  the  friction  of  the  drainage  line  of 
(pCJ= 0),  will  he  determined  trow  expression 


^ = 17~const’ 


where  the  P„p  - the  force  of  the  tightenin'!  of  spring  3;  L < - 
piston  clearance  (for  a diagram  in  fig.  10bb  this  ar^a  is  equal  the 
/„  = /,  + /6,  where  f , are  equal  tl  > sectional  area  of  piston  1 and  f, 


- whe  effective  area  of  piston  6) . 
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For  an  pc*  =0  the  va  lu<-  of  Pped 
differential  Ap4  on  throttle/choke  4: 


is  the  pL assure 


A Pi  — Pped  Pc*  Pped  Const. 


(59) 


In  a ocor danse  with  this,  *he  fluid  flow  rate  through 
throt 1 1 e/choke  4 will  he  also  constant  [see  aquation  (20)  1. 

However,  with  Pc*  >0  the  pressure  differential  Ap»  on 
throttle/choke  4 decreases  by  PcA,  which  with  respect  will  have 
effect  on  fluid  flow  nt“  through  throttle/choke  4. 

jn  order  to  remove  effect  on  the  regulator  of  drainage  pressure, 

drain  line  they  connect  with  cavity  a (in  the  diagram,  shown  with 
Fig.  105a,  this  is  fulfilled  with  thQ  aid  of  axial  channel  in  valve 
2).  In  this  case  will  be  provided  for  a constant  pressure 
differential  Ap„  on  -hrottle/choke  a during  all  possible  changes  in 
the  drainage  pressure  of  ^cj]  4 r^^llc^d  pressure  in  this  case 

will  he  raised  to  the  p„: 
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After  replacing  in  equation  (941  of  Pks  to 
obti  i n 


p'pau  we 


A pi--jr-  + Pu—'P*—  fn  • 


will 


Page  190 
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Fox  a diagram  in  Fig.  105L,  t he  reduced  pressure  ml 
pressure  lifferential  on  thrott  le/cho<e  4 ate  determine)  t 
account  the  drain* jo  pressure  of  t :he  ptjl: 


rnp 

Pptd  - fl+f> 


Pc.tf  a 
f a 


h +/• 


+ PcA< 


Ap« 


h + /* 


4"  PcA  PcA  


/i  + /• 


where  t „ they  is  letarmined  the  3ecti01.il  area  of  cylinder 

For  an  increase  in  the  sensitivity  of  regulator,  one 
waist  d,  of  plunger  2 (Fig.  105a)  and  increase  diameter  ij 

whose  relation  frequently  *hey  load  to  1 1 /i  ^ = 5 and  irore 
in  Fij.  105b  this  thjy  reach  by  an  increase  in  t h<->  diamete 
5).  Furthermore,  for  an  increase  in  *he  sensitivity  on?  sh 
a nt  if  t i c t i onal  of  r he  moving  elements  of  «•  h-»  regulator. 


t he 

a k i n g into 


should 
piston  1 

(in  diagram 
r of  piston 
Oil  1.1  the 


Tie  values  of  p„d 


undei  t h <-  mounting  cor.ui*-ions  of  regulator 


in  the  plum  of  tie  main  line  of  hydraulic  engine  (Fig.  105)  must  )e 
not  more  than  1-2  kgf/cm?.  For  an  increase  in  the  stability  of 
regulator  against  auto-oscillations  in  the  way  of  the  supply  of 
liguid  with  rhe  pressure  of  pnrd  to  piston  1 (for  a diagram  in  Fig. 
tObfc  - to  piston  6)  is  esta M ished/i nst a 1 le d damper  throttle/choke) 

5. 


The  antihunting  circuit  of  the  velocity  of  hydraulic  motor  by 
the  setting  up  of  throttle  governor  at  cutout /yield  won  acceo^ance  in 
machines  with  the  oscillating  (up  to  a sign  change)  loaf  of  hydraulic 
engine  (in  machine  fools  with  the  being  changed  cutting  force  in  t t.e 
period  of  the  power  stroke  of  hydraulic  engine,  etc.). 


Figure  104b  shows  diagram  of  hydraulic  engine  control 
by  means  of  changing  the  pressure  of  the  liquid  forced  by 
the  pump  (see  also  Fig.  102d).  The  through  section  of  the 
channel,  which  leads  to  the  working  chamber  of  the  engine 
here  is  regulated  by  throttle/choke  2 of 

const. ir.t  section,  'fow-v^r,  jast  this  t hr  ot  t le  /choke  it  passes  into 
cylinb't  only  »h  » r irt  of  t he  liquid,  whicn  enters  from  pump,  and 
remainin'!  r art  i;  fused  into  the  tii.k  tnroujh  the  throt  tl  3 /cho  ke  with 
self-ad jus*ment.  Ti.o  dbntract/r*  move  1 par*  of  * ho  liquid  is 
determin'd  by  the  position  of  the  iloa*inq  qat,  ot  this 
t hrot  t le/rhoke  1,  conn  *cted  with  «-  ma  1 ] piston  1,  to  which  from  lower 
side  is  applied  the  force,  proportional  to  the  pressure  of  the  liquid 
before  throt  1 1 •'/choke  2 of  constant  section,  and  with  uppjr  is 


¥ 
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applied  the  force,  proportional  to  pressure  after  ’■his  throttl^/choke 
(is  proportional  *o  jperatjng  jressure  in  hydraulic  engine).  In  view 
of  t h i,c-'  deponiii  j on  a char,  g*  is,  vhe  workirt  j load  ot  hydraulic 
engine,  the  gat  e oi  automatic  r hrott  It  governor,  •"oving,  rhanges  the 
flow  rat-  through  i *:  iiiuii  ir.ro  r,in^. 

The  pressure  i if  f ■?  rent  i al  hy  * h rot  t le/cho  k e J,  datornined  by  the 
force  of  spring,  usually  io-s  rot  exceed  2-3  kgf/cm?. 

For  a preservation  from  excessively  high  leaking  affect,  is 
applied  ball  bearing  safety  valve.  For  a decrease  in  the 
compressibility  eff^c*-  of  the  working  medium,  caused  Dy  the  presence 
in  it  of  the  uniissolv^d  air,  and  provisions  for  a uniform  outlet 
velocity  from  cylinder  is  estal lishod/i nsta lied  support  valve  4, 
adjusted  to  counto  r pressure  3-10  kjf/err2. 

Throttle  control  by  valve,  jn  a series  of  systems  an  1 , in 
particular,  servo  systems,  *htof tle/cho  ke  is  the  distribution  valve, 
with  th«  displacement  of  plunger  of  which  t ii  ■=*  y change  t h-»  friction  of 
expenditure  (passage)  ;lide  valve  ports. 
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\ ft.  f-L  lesignating  a total  ^rtaaare  drop  hearth  oy  which  works 
hydraulic  system,  through  the  Apc  — P* — Pc* . we  can  write,  assuring 

that  the  friction  of  both  windows  are  equal,  and  disregarding 


pressure  in  drainage  line. 


Apc  = 2 \p0K  + APh 


where  + he  A Plt  = Pl — Pi  — JL_  - t ne  pressure  differential,  which 
corresponds  to  load  P (friction  we  disregard)  : APok  — —c~  &Ph  - loss 

of  pressure  in  one  expenditure  slide-valve  window  (slot) ; here  F is 
an  effective  area  of  cylinder.  With  the  adopted  assumption  of  *ho 
equality  of  too  friction  of  Loti,  expenditure  windows,  wnirh 
corresponds  to  symmetrical  valve,  and  neglecting  the  pressure  of 
in  drainage  line  we  have  an  APoK  = pK — p,  = p2. 


Fluid  flow  rat?  ’-.hrouqh  the  valve  is  equal  n of  allowing  for 
leakages  and  compr o ssi hi li*-y  of  liquid  to  the  volume.  Inscribed  by 
piston: 


Q = Fv,  or  £»  = -§-, 


where  F a r.  i v is  equal  effective  ire  a and  o is ton  speel, 
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On  the  other  hand,  flow  Lete  it  in  possible  to  express, 
according  to  expression  (20),  Ey 

Q =>/ jAj- Ap0Jt  - 

=k/|/X^E^  = 

= \x.nxd  Y -L  {tip.  - Ap„) , (60) 


where  f - v i x - the  area  of  expenditure  s ] ot  (window)  ; x is 
discovery /opening  slot. 

Tn  accordance  with  this,  the  piston  speed 

v = y = Y\  (a p* — Apj x = kx' 
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i.e«  pistor.  spool  is  t he  lineal  function  of  the  displa  rema  nt/movement 
of  valve  (or  with  the  rsctanjular  forms  of  slide  valv°  por^s  - by  the 
linear  function  of  its  d iscover  y/open  in  J)  . The  curv<V  jr  aph  of 
dependence  v = f (x)  is  called  the  discharge  characteristic  of  valve. 
The*  standard  chara  c ter  ist  ics  of  ideal  valve  with  xero  overlap  (see 
Fig.  43c)  with  the  different  loads  of  hydraulic  engine  (with 
different  Ap„)  are  shown  in  Fiy.  10C. 

Optimum  relationship  be* ween  * he  los*  an!  total  pressure.  For 
the  systems  of  throttle  control,  there  is  a optimum  relationship 
between  the  lost  and  *3* a 1 pressure. 


Let  us  determine  the  relationship  he*  ween  of  &pOK  and  Ap„, 
by  which  the  power  of  hydraulic  ennim  is  maximum  (frirtion  of  the 
line  of  gutter  w » disieqard).  with  t n*'  flow  rate  of  hydraulic  system 
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P At 


if 


0 the  power  of  hydraulic  enjii.e 


N = Q bpHr\, 


where  the  ’l  - t. n e “f  ficier.cy  of  hydraulic  engine. 
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Flow  ru^, 


in  accordance  witn  which  the  las* /latter  equation 


A'  = r)C  V \pc  — Ap„  Ap*. 


Outer  limit  N 
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Fiorr  the  1 a s t /let t 1 er  expression 
relationship  between  of  &pH  an 3 
indicated  conditions  1/3  pressures. 


, which  characterizes  the  r 
&pr,  it  follows  that  under 
developed  with  pump,  it  auc 


lost . 


The  efficiency  of  hydraulic  systein 


rp  = 


Q&Ph 
Qii  bPc 


where  Q0  is  a flow  r \t  ? of  pi  idlinq. 


p t i tn  u » 
the 
t be 


Taking  into  account  that 


we  find  t. he  maximum  efficiency 


_ i f *Pc  — Ap*  - l/i L JL 

V A pc  ■ <?Pe  ‘ K 3 ■ 3 ' 


From  *■  h o given  analysis  it  follows  that  the  systems  of  throttle 
control  can  bo  recommended  to  up  plica t ion /use  only  in  the 
transmissions  of  small  powers.  In  practice  at  powers  more  ‘han  30  kw 

appear  during  the  application/uso  of  this  control  system  of  the 
difficulty  of  heat  withdrawal. 


r 


The  throttle  control  ot  the  speed  of  hydraulic  engine,  used 
systems  with  the  pump  of  constant  feed,  is  connected,  is  this  was 
shown,  with  "n-^rjy  loss,  and,  if  at  the  power -hand  lin  x capacities 


pump  these  losses  worj 


small,  then  with  an  increase 


in  the  powers 


one 
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they  reach  inidmissib 
I r v i < w of  ru.i 

in  the  C l HeS  of  t 1 o i 

the  stability  of  ront 
feed  (volumetric  con- 
i'!. hydraulic  i ri 
speed  o £ hydraulic  >n 
d i sp  1 i c e m r - and  t h i n 
comparison  witi  tie  I 
adjustable  d isp 1 acm^n 
(of  the  drive  of  trie 
also  causes  the  less 

To  the  advan t a je 
related  the  fact  that 
which  the  rpeol  of  oil 
changes  insi  jnificun- 


-^^3/ 


V A 

1 1 1 1* 

la 

Tqo 

[ ow 

an;  (are 

more 

t h a n 

Ij-15  le*. — e-. ) 

ard 

3 ed 

f'-q 

ui  1 oitK-nt 

s for 

accur 

icy  /nr  or  is  i or 

a nd 

9 

ire 

app 

lied  t he 

pump 

s with 

1 1 j 1 d j us  t a b 

1 e 

rol)  . 

v-  with  v ol  tiir  ri  c by  control  a change  in  the 
giro  usually  i s r*-alizel  t y changing  the  pump 
nor  - the  working  volume  of  hydraulic  mot  or.  It: 
rive  of  throttle  control,  the  lriv~»  wit-h  the 

t nump  has  higher  efficiency  of  t?  — 0-75-0.  jr'd 

c 

throttle  control  usually  of  7?-  0-3-0. */ ) • ard 

c 

heating  of  1 i<j  uid  . 

s of  hydraulic  drive  with  volumetric  control,  is 
i * has  th~  rigid  mechanical  characteristic  by 

“put  shaft  a j * h a change  in  th^  loal  momon*: 

- y- 


r 
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: Figure  107d  d -picts  the  schematic  iiaqram  of  hydraulic  dr  i ve 

with  the  rotor  axi  1 1 - r -><■  i or  oca  t i nq  pump,  the  control  of  course  of 
pistons  in  whirr,  i achieved  f y a manual  or  automatic  chan  qe  in  the 

angle  of  the  slope  r driving  flute  relative  to  the  uxla/axis  of 
cylinder  block.  A cu.m  in  th<  iirection  of  the  motion  (reverse)  of 

the  piston  of  actuating  cylinder  here  is  achieved  by  a sign  char.qe  of 
this  angle. 

Ttm  calculated  feed  of  this  Dump 


QH  = qn  = fznh  — — znh,  (61) 

where  q = f hz  - pump  d i sp  1 acom  er.  t ; hero  z is  a number  of  suckers;  f = 
vd 2/4  - piston  clearance;  n - rotation  frequency  m r/min;  h — the 
adjustable  pump  lift  (for  the  axial  rotor-  piston  pump 

h = D tg  v); 

in  question  heLe  D - the  diameter  of  a circle  of  the  location  of  th» 
axle/axes  of  oylir  i s s in  cylirder  Mock;  r is  anj]e  of  the  slop^  of 


stator  washer. 
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It  is  not  difficult,  to  see  that  the  rated  speed  v of  piston  with 
an  area  of  r in  a similar  diagram  can  smoothly  vary  within  the  limit? 

of  v = it 

1 — unux  -1-  c • 


The  characteristic  of  hydraulic  drive  of  volumetric  control  in 
many  respects  depends  on  method  and  juality  of  the  control  mechanism 
ot  the  feed  of  fum’t.  This  control,  realize  1 by  hand  or  is 
automatically  it  the  signals  of  different  sensors,  it  is  conducted  by 
changing  ‘hs  pump  lisp  lacemer.  t , which,  in  turn,  usually  La  realized 
by  means  of  the  linear  or  angular  mixing  of  the  cell/el  3 na nts  with 
the  aid  of  which  changes  tie'-  pump  displaccmen  t . 


Simplest  it  L s manual  (Fig.  1 0 da ) ei* her  elect  romechi  n ica  1 

(Fig.  10flh)  Control  , mane  w i+ i.  the  aid  of  worm  or  helical  vapor  or 
an  ot  h et  rn  e,ch  a nis  m •> . 

Ate  common  also  the  systems,  into  which  the  linoir  or  angular 
displacement  of  r-i.>  ce  1 1/elemen  t with  aid  of  which  chances  *ho 
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pump  displacement,  it  in  r*-ilizf  ! w : * h t h *:?  ail  of  hydraulic: 
«quipme*nt/d-‘vice:;.  1 t in  the1  last/ latter  system  it  i raquirai  to 
ensure  oi  ly  the  r?ver  cp  of  pump  or  motion  in  one  iir^ction  at  *-wo 

speeds,  and  also  motion  in  two  dn-ctions  it  oj.e  ;;m* 1 >f 

displacement  ir.  oach  1 irect  ior. , then  aia  -*  *»  :»1  i^d  simple 
equip  merit /dev  ices  with  two  actuating  cylinders  1 and  3 (Fi|.  1 G8d)  , 

which  ir  the  ma  jori  ry  of  cases  are  placed  in  pump  casir  j.  F he  cortrol 

(limitation)  of  piston  stroke  as  realized  w it  a th=>  ni  of  mec.oanical 

(screw-type  stop  4. 
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For  a control  of  cy  Lin  1-rr.;,  au  commonly  us  *.i  distributors  2 with 
e lec  t root  j ne  + ic  actuator. 


When  for  the  l i splacera~»n*  of  the  adjustable  cnl  1/element  are 
required  large  forces  or  it  is  required  to  ensure  infinitely  variable 
control/  are  applied  servomechanisms  (hydraulic  boosters)  with 
f eedbac k . 

The  schematic  diigram  ol  the  hy  Iraulic  assembly  of  the  fe»d 
control  of  pump  with  a similar  two- stage  force  is  represent**!  in  Fag. 
107b.  fever  1 witn  th*  aid  of  which  is  realized  f he  regulating  of 
pump  displacement,  is  given  with  the  aid  of  actuating  cylinder  2 of 
slave/ser vo  hydraulic  booster.  The  inlet  of  3 hydraulic  boosters  is 
connected  with  setting  device  and  pis* on  2 with  the  lev  er  of  1 feed 
control  of  pump. 

Automatic  feed  control  of  pump.  T r,  practice  are  common  the 
hydraulic  systems  with  the  pump  of  automatic  feed  control  at  *■  he 
signals  o*  iifferent  sensors  (pressure,  temperature,  _*tc.)  . 


DOC 


771 40109 


7»GP-  ^ C.37 


In  the  hydraulic  systems  of  machines,  are  00  mm  on  tha  control 
circuits  or  pr?ssucn  (regulators  of  the  ultimate  pressure)  , hv  whicn 


the  pr-~> 

ssuro,  develop-!  wi*h  pump,  is 

utilized 

f 0 r the  1 i 

m i * at  ion 

the  f ee 

or  ligui  d or  power,  consumed 

by  pump. 

up  to  tie 

a so  i q ri ed 

mi  ni  in  urn 

va 1 ue. 

The  schematic  diagram  of  axial-  pit-  ton  type  automatically 
adjustable  pump  is  sr.own  in  Fi^.  109a.  The  spring  of  2 regulators 
acts  in  the  direction  of  the  setting  ut  of  the  inclined  washer  of  ■) 
pumps  at  the  position  oi  the  maximum  angle  y the  slope/i nc lina * ion  of 
this  washer.  T4  ? force  of  this  spring  resists  pressure  p ol  liquid  at 
the  output/vield  of  pump  on  the  small  piston  of  1 regulator  which 
upon  achieving  the  assigned  pressure  compresses  spring  2,  decreasing 

this  angle. 

Consequently,  regulator  supports  at  the  assigned  pressure, 

determined  by  the  precompression  or  spring  2,  in  practic-*  constant 
supplies  of  liquid  to  the  achievement  of  design  pressure  with  'he 

subsequent  decrease  in  the  feed,  the  intensity  of  jrowtn  i r pressure 
depending  on  the  characteristic  of  spring. 
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pressure  (?■ 
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Figure  107t  gives  curvet , that  characterize  feel  Q and  now  or  N 

of  purng  in  the  function  of  pressure  p at  output /yi  af  1 frit  ; urn  p. 
c 2 - 

Point  T-t-ox  curved  f 1 corresponds  to  the  beginning  of  compression  of 
sprinq  of  valve  and  to  the  beginning  of  tno  control  ( h;r>us?)  of  tl  * 
feed  or  pump,  at  certain  feed  pressure  of  mimp  wpn  be  low  or  el  * o 
zero.  By  the  select  ion  of  the  character  is* ic  of  the  spell.}  of 

regulator  can  be  obtained  t he  re  quired  for  concrete/snacif  ic/ac4, ua  1 
target/purposes  dependences  Q = f (p)  anl  N = f (p). 

The  circuit  diagram  of  t h ic  pump  u into  hydraulic  system  wi*h 
actuating  cylinder  1 and  distributor  2 is  given  in  - i g . 110.  During  a 

pressure  increase  more  than  tl.a*  est-ibl  ished/irstalled  the  spring  of 
regulator  1 is  compressed,  decreasing  in  this  case  th*  angle  of  the 

slope  of  the  controlling  washer  of  pump  4.  The  control  of  th“*  piston 
of  actuating  cylinlT  1 is  realizes  in  this  diagram  by  distributor  2. 

Pumps  vita  a similar  control  (see  pig.  WJ)  , which  obtained 

the  name  of  the  stabilizers  of  pressure,  widely  are  applied  also 
during  maintenance  by  onr  pump  of  several  periodically  acting 
hydraulic  -ngines  (on  hydroelectric  station  with  the  certralized 
power  supply)  . 


r 
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Syat^nis  witu  the  rover sive  pumps  of  the  adjustable  feed.  In  this 
case,  it  by  the  construction  of  pump  is  provided  for  the  possibility 
of  the  setting  up  of  Mie  controlling  cf  11/eleinent  at  the  position, 
which  corresponds  to  the  negative  (counting  from  th®  axis  of  the 
symmetry  of  cylinder  block)  value  of  controller!  parameter  (angle  of 
the  slope  7,  etc.i  , a similar  pump  con  ensure  feed  ravers1  in  the 
same  direction  of  rotation  of  its  si. aft.  During  the  app  1 i cat  ion/us« 
of  this  pump,  fails  *-;r»  necessity  for  distributor. 


f 

\ 


The  schematic  diagram  of  this  hydraulic  drive  with  actuating 
cylinder  is  shown  in  Fig.  ilia.  The  reverse  of  hydraulic  engine  (in 
this  diagram  of  actuating  cylinder  1)  and  * he  control  of  its  speed  is 
realized  by  a change  in  direction  and  feed  of  pump  2.  Since  in  this 
case  are  ippliod  adjustable  pumps  2 whose  feel  can  smoothly  vary 
within  th?  limits  of  theoretically  is  represented  possible 

to  ensure  reversing  and  the  velnci'  v control  of  hydraulic  engine  from 
zero  to  the  maximum  positive  and  negative  value,  determined  by  ^hp 
voluntetLic  parameters  of  pump  and  engine. 
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It  is  obvious,  r <il  hydraulic  systems  of  this  typ-»  thay  must  ho 
equipped  by  the  s u !-• :« 1 emerfa  ly  equipment , which  ensures  the  reliable 
power  suj  ply  of  pump  ny  lijuiri  and  protecting  devices  (Fig.  111b). 
Specifical ly,  for  providing  a makeup  of  the  suction  cavity  of  pump  4 
system  is  rupplie i wi’\h  ch-ck  valves  1 ana  i,  which  sepa  c a tp/1  it^ra  1 5 
the  working  cavity  of  pump  from  that  which  suck  in,  an  J for  a 
preservation  from  overl  )ad  - by  safety  valve  2. 

For  an  increase  in  the  reliability  of  power  supply  system 
frequently  they  supply  with  supplementary  feed  pump  S (Fig.  112a) , 
that  create  certain,  i3staol  ish/i  nsta  lied  by  overflow  vaLve  4, 
backwater  in  ♦he  line  of  the  suction  of  basic  pump  2.  rn?  working  for 
this  direction  of  the  feed  of  pump  cavity  or  cylinder  1 is 
inter copt/det ached  from  foea  pump  by  S check  valves  ) and  b. 

During  the  application/use  of  cylinder  1 with  one-si  led 

stock/rod  (t’i  j.  112b)  diagram  usually  is  equipped  with  dual  return 
plate  valv''  2,  which  provides  in  work  *he  flow  cf  liquid,  necessary 

for  the  compeusa*  L on  for  a difference  in  the  volumes  of  the-  cavities 
of  cylinder  1.  During  th»  supply  of  liquid  into  any  of  the  cavi‘icn 
of  cylinder,  tie  valv^  intercept/detaches  * his  cavity  from  pump  3 


PA  ;:-' 


;v  ^1^3 


makeups,  connecting  it  through  the  forming  slot  with  M:  opposi 


O 


Control  circuits  with  pump-  dosing  device.  In  the  diagram  of 
volnmotri;:  control  examined  above  (x~>o  Fig.  107)  the  pumD  is 
simultaneously  aril  power  supply,  and  by  speed  governor.  In  this  case 
it  is  establisli/instjlled  on  the  inlet  into  hydraulic  inline. 


However,  in  1 similar  setting  up,  in  particular  with  low 
expenditures,  ora  inherent  the  def iciency/lacks,  not?i  in  the 
examination  of  control  circuits  wiMi  setting  up  at  the  inlet  of 
thr  ot.  1 1 e/choke. 


In  view  of  this 
hardness  of  hydraulic 
establish /installs  in 
supply  the  systems  by 
supplementary  spec  ill 


hen  i+  is  necessary  to  ensure  the  bilateral 
system,  pump- regulator  ( f low- m-i 1 a r pump) 
the  drain  lino  of  hydraulic  engine.  The  power 
liquid  provide  with  usually  uncontrolled  type 
pump.  The  spoel  of  hydraulic  enjina  ir.  this 


1 


I 
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s J ->termi  m 3 by  th  .■  voluir  o:  the  limii,  take/sel  as  ted  from 


the  Last/Latter  pump  by  pump- reytj  lator. 
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The  liugrum  or  t:;  i«  sy  mm  with  rhe  regulator, 
establish  el /inst a 1 1 el  in  the  drain  line  of  hydraulic  online,  is  given 
m Fig.  113a.  The  shaft,  of  *■  he  adjustal  le  f low-m»t»r  pump  (regulator) 

1 is  strictly  connect*  \ with  shafting  or  feeding  (worker)  pump  3 


of  the  ur 

.control]  ed 

t ype  whose 

feed  t 

hey  rely  on  fluid 

f Id 

w rate. 

somewhat 

e xcer>i  in  j c 

:or:  sum  p*  ion 

i y its 

hydraulic  engine 

2 a 

t its 

assig  nod 

speed.  The 

surplus  of 

1 in  uid 

is  r^casted  throu 

Jh 

overflow 

valve  4. 


Because  of  a continuously  variable  change  in  the  working  volume 
of  flow-meter  pump  1,  which  works  in  this  diagram  in  the 
mode/conditions  of  hydraulic  motor,  it  is  possible  to  ensure  the 
infinitely  variable  control  of  amount  of  liquid,  which  enters  the 
hydraulic  engine  (actuating  cylinder)  ?,  whereupon  the  energy,  which 
corresponds  to  the  power  of  flow- meter  pump  1,  which  works  in  this 
diagram  as  hydraulic  motor,  is  rot  converted  into  heat,  but  returns 
to  the  shafting  of  pump  3. 


The  minimum  value  and  the-  stability  of  the  proportioned 
expenditure,  and  also  the  volumetric  efficiency  of  pump  depend  on  the 
load  of  engine,  with  change  in  which  change  the  pressure  and 
hydraulic  slip. 


I 
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From  course  "di jplacment  pumps  and  hydraulic  engines"  it  is 
known  that  the  vol ume- ric  efficiency  of  pump 


‘-f1- 


where  ♦ ho  Q ^ lid  the  AQH  are  a theoretical  feel  of  pump  and 
leakaye  in  it. 

Since  the  leakages  in  the  pump  of  A <!?  in  nractice  do  not 

H 

depend  or.  the  theoretical  feen  of  <£>  , there  is  a limit  of  t ho 

minimum  adjustable  feel.  With  certain  small  workiny  volume  of  the 
adjustable  pump,  1 (it  corresponds  to  the  low  value  of  ) supply 

of  liyuid  and,  consequently,  also  the  speed  of  hydraulic  anqine  under 
load  can  i r a result  of  hydraulic  slines  completely  cease  itself.  The 
latter  will  occur  with  of  A Q = Q_ 
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From  the  diaqram,  given  in  Fig.  113a,  it  follows  that  with  the 
no  load  of  hydraulic  engine  2 is  correct  condition  p2  r Pi  , where  px 
is  pressure  of  t a a adjustment  of  overflow  valve  4 (friction  also  we 
disregard)  . In  accordance  with  this,  the  pressure  differential  Ap  = 
P?  ~ p 3 ir.  pump  1 with  the  no  load  of  hydraulic  engine  2 will  Le 
maximum  and  equal  to  Ap  = p2  = p,.  With  the  peak  load  of  hydnulic 
engine  2,  with  wiich  pressure  p ? in  its  nonoperative  cavity  is  equal 
to  zero,  the  pressure  differential  in  pump  1 will  be  also  equal  to 
zero. 


A def  iciency/lack  in  the  diagram,  jiv'ii  in  Fig.  113a,  is  the 
fact  that  the  pressure  of  feeding  pumf  3 does  not  depend  on  the  load 
of  hydraulic  engine;  ‘herefore  at  its  small  speeds  (low  pumping 
power)  the  consiJeradle  part  oi  the  now  >r  >£  this  pump  is  coavar*ed 
into  heat. 

For  a reduction  in  tneso  losses,  is  applied  the  system  whose 
diagram  is  giver  in  Fig.  113b.  The  pair;  -r- tul  ator  of  1 -his  diagram 
supplies  liquid  to  tr.e  delivery  line  ol  feeding  pump  3,  equipped  with 
the  mechanism  of  an  automatic  change  of  the  pressure  impending  on  the 
load  of  hydraulic  engine  (actuating  cylinder)  2.  For  this,  is  applied 

, ost  ahli shed/inst a 1 led  on  t a •»  forcing  line 


automatic  throttle 


valve  5 
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of  feeding 
depend  in  j 
actuat.i  no 


°AGE 

pump  1,  which  regulates  the  pressure  of  this  pump 
on  the  :o!irP  er  pressure  in  the  right  ( drainage)  cavity  of 
cylinder  2,  which  is  caused  by  its  load. 
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The  cl'.'ir  area  of  the  stock/rod  of  the  gate  of  braking  vilvc  4 of 
this  throt t le/choke  is  selected  th«  equal  -.o  ha  If  area  of  his  piston 
stock/tod's  or.  r.  he  part. 

Opera tinj  prir.cit  le  of  the  syst  em  in  j jest  ion  is  based  (not 
allowing  for  frictional  forces  and  with  the  equality  of  the  areas  of 
the  cavities  of  hydraulic  engine)  on  tie 
preser  vat  ion/re  tar.  t ioi./raai  r tai  ninq  of  cond  i ti  on 

Pi  + Pt  — const. 

The  force  condition  of  equilibrium,  which  act  in  the  engine; 

PiF  = P*P  ± P, 

where  p,  and  p2  are  pressure  in  worker  and  counter pressure  and 
opposite  (drainage)  the  cavities  of  actuating  cylinder;  P and  F is 
load  and  * he  area  of  actuating  cylinder. 

If  load  p,  applied  t0  actuating  cylinder  (hydraulic  engine  2), 
it  acts  against  the  direction  of  force  of  pressure  pt,  tnan 

counterpressure  p?  will  decrease,  as  a result  the  gat*  of  brakino 
valve  4 will  be  closed,  increasing  pressure  a*  the  output/yield  of 
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conn*.  In  t.hp  ca:>^  when  t lie  loa  d of  actuating  cyl  intier  acts  in 
opposite  liroction  (in  the  lint  of  for re  of  oressur°  p x ) , 
counterpressure  p2  increases,  an  3 result  braking  val  ve  is 
open/li scl osed , Ocreasing  pressure  p,  . 


Hydraulic  system  with  the  similar  braking  vilve  is  applied  in 
milling  michiaes,  to  which  ire  presented  the  requirements  for  the 
provision  for  an  automatic  velocity  control  of  the  motion  (feed)  0t 
table  depending  on  by  1 load  change  with  cutting.  The  liagram  of  the 
hydraulic  system  of  milling  machine  with  a similar  valve  is 
represented  in  fig.  114.  Unlike  the  examined  iiagram,  is  ierj  applied 
the  actuating  cylin  i->r  with  one-sided  stock/rod.  Syst e.m  is  equipped 
oy  two  pumps  3 an  1 1,  the  1 ir3f  of  w.iich  is  the  feeling  pump  and  the 

second,  that  is  the  adjustable  reversive  pump,  establisnei/instal led 


in  the 

line  of 

the  gutter 

of  actuating 

cylinder  2, 

it  is  3 need 

governor.  Pump 

1 w i * h t.  he 

pour  r stroke 

of  cylinder 

2 *iOs  away 

liquid 

from  the 

c: a v i * y of 

cylinder  and 

supplies  it 

to  the  delivery 

line  of  pump  3 whos»  pressure  automatically  is  rejulat?]  with  th»  aid 
of  throttle  valve  r>  (ien»nriing  01  the  load  or  actuating  cylinder  2 (by 
cutting  £orces)  . \s  in  the  valve,  examined  above  (see  Fig.  111b),  the 

cl  iar  area  of  the  small  piston  of  valve  4 from  the  si  1 3 of  it.s  shark 
usually  is  selected  -*gual  to  the  area  of  its  shank. 
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> per  it  i n ; or  i tic  a 


ciple  of  the  system  in  q urt  s t i o n Mitails  th' 


Tf<  tore*  cona  it  ion  of  en  ui  libriu  r , which  act  in  fh?  actua- in g 


= Pit-'*  ± P, 


where  pj  ai  d p2  up  pressure  in  worker  and  countarpc^ssurs  i 


opposite  the  cavities  if  actimt  ma  cylinder;  F j and  is  ar.  i rea 


the  cavity  of  actuatini  cylinder;  1’  of  the  load  of  actuating 


In  such  a case,  when  load  P acts  against  the  direction  of  force 


of  pressure  pt,  cou nter pressui e p2  will  decrease.  As  a cjsu! t the 


gate  of  valve  4 will  be  closed,  increasing  pressure  p,  to  the  value 


by  which  will  hr  restore/reduced  the  condition 


Pi  + Jr  Pi  = cons-t. 
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